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Introduction  
Trees constitute an important component of the ecosystem maintaining the 
ecological balance at regional as well as at global level. It is an admitted fact that trees 
are the invariable resources for providing food, fuel, timber, medicines, gums, resins and 
other items of daily life. Since there are natural and anthropogenic pressures on these bio-
resources, which have pleaded their depletion from the nature at an unprecedented rate, 
thus making them threatened.     
1.1 Causes for threat 
The major causes that have threatened the existence of plant species are:  
 Plants are threatened due to natural phenomena such as land up-heavals, volcanic 
eruptions, glaciation, heavy rains or drought, expansion of deserts, forest fire etc. 
 In certain other cases species are said to have become very old or scenescent thus 
becoming unable to adapt to the new environment and eventually leading to their 
extremely confined distribution. Apart from these, affect of plant pests and 
diseases have also threatened several economically important plants. 
 Generally the threatened species are almost always exposed to UV radiations and 
face drastic climatic conditions. So their reproductive capacity, natural 
regeneration and proliferation is reduced. All such conditions leading to genetic 
erosion as a result of which native variability is greatly threatened. 
 As such natural processes no doubt led to the extinction of plants, the resulting 
new environmental conditions have also resulted in the evolution, speciation and 
migration of pants. 
 One of the major causes for the loss of bio-resources has been the depletion of 
vegetative cover in order to expand agriculture. Since most of the biodiversity rich 
forests also contain the maximum mineral wealth and are also the best sites for 
water-impoundment, mining and developmental projects, which has often led to 
the destruction of habitats in such areas.  
 Economically important plants are over-exploited to meet the demand of growing 
population throughout the globe that has resulted in drastic decline in the size of 
their populations. Some important plant species have already become extinct and 
there are many facing danger of extinction. 
 The other main causes of loss of plant resources are conversion of forest areas for 
settlements, roads, development of projects, shifting cultivation, conversion to 
monoculture, grazing beyond carrying capacity, firewood collection, introduction 
of exotics and pollution. Threats to species and genetic diversity are directly 
linked to threats to the ecosystem. 
1.2 Conservation for sustainable use 
In order to conserve these threatened plants both in-situ and ex- situ 
management is necessary.  
1.3 In-situ conservation 
In situ conservation include conservation of plants in their native ecosystem 
or even in manmade ecosystem, where they naturally occur. This type of 
conservation applies only to wild flora and not to the domesticated plants.  In-situ 
conservation includes a system of protected areas of different categories e.g. 
National Parks, Sanctuaries, National Monument, Cultural Landscapes, Biosphere 
Reserves etc. 
Approximately 4.2% of the total geographical area of India has been 
enmarked for extensive in-situ conservation of habitats and a protected area 
network of 8 Biosphere Reserves, 85 National Parks and 448 Wildlife Sanctuaries 
has been created (Asija and Kumar, 2007).  
The Indian Council of Forest Research and Education (ICFRE) has 
identified 309 forest preservation plots of representative forest types for 
conservation of variable and representative areas of biodiversity. 187 of these plots 
are natural forests covering a total area of 8,500 hectares (Asija and Kumar, 2007).  
A programme entitled Eco-development, for in-situ conservation of 
biological diversity, involving local communities has been initiated in recent 
years. The concept of Eco development integrates the ecological and economic 
parameters for sustained conservation of ecosystems by involving the local 
communities with the maintenance of earmarked regions surrounding protected 
areas.  
1.4 Ex-Situ Conservation 
Ex-situ conservation includes conservation of samples of genetic diversity 
(particularly representing endangered species) away from their field habitats. 
Ex-situ conservation, is done through establishment of gene banks, which 
include genetic resource centres, zoo‟s, botanical gardens, tissue culture 
techniques, collections etc. Thus ex-situ conservation is the chief mode for 
preservation of genetic resources, which may include both cultivated and wild 
material. Some of the important modes of ex-situ conservation are discussed 
below:-  
1.5 In vitro conservation 
Progress in the development of plant cell and tissue culture techniques for 
long term germplasm conservation has been quite significant. The techniques of 
cell culture in particular have been so refined that only a few species are likely to 
be recalcitrant to known procedures.  
In biotechnology laboratories, freeze preservation and storage of plant 
material can be of enormous value in maintenance of stock cultures and samples. 
Almost an indefinite number of replicates from germplasm of large number of 
plant species can be stored in vitro using little space in contrast to the thousands of 
hectares of land that would be required for the same number of plants if 
maintained in-situ. The material stored in vitro may be protoplasts, isolated cells 
grown in suspension or on semi-solid medium, meristem cultures at various stages 
of development or organized plantlets.  
1.6 Cold storage  
Here the germplasm conservation is made by storing plant material in 
cultures at low and non freezing temperature. By this technique the ageing of plant 
material is slowed down but not completely stopped as in freeze preservation.  
1.7 Low pressure and low oxygen storage  
Attempts have been made to develop low pressure storage (LPS) and Low 
oxygen storage (LOS) as feasible techniques for future conservation of cultured 
plant materials In LPS, the atmospheric pressure surrounding the tissue cultures is 
reduced resulting in partial decrease of the pressure created by gases in contact 
with the plant material. On the other hand, in LOS, the atmospheric pressure (760 
mm Hg) is not reduced but the inert gases (Particularly nitrogen) combined with 
oxygen are used to create low oxygen pressure.  
Despite all adversities one has to adopt viable strategies for the 
conservation of species as this will only guarantee our future and lead us towards 
the goal of sustainable society, sustainable economy, sustainable use and 
sustainable development. 
In this direction the In vitro techniques are being increasingly applied for 
large scale micropropagation to supplement the conventional methods. The tissue 
culture techniques offer potential means not only for rapid mass multiplication of 
existing stocks but also for the conservation of important, elite and rare plants. It 
also provides noval approaches for the induction of genetic variability and 
production of plants which are resistant to biotic and abiotic stresses.  
Some of the economically important tree sps. of Kashmir Himalayas viz; 
Morus nigra L,Ulmas wallichiana planch, Celtis austroails  L, Betula utils D. Don 
and Corylus jacquemonti Dene etc are also at the foot hold of being threatened and 
are at the verge of extinction. In the present study two of the above mentioned 
threatened tree species i.e., Morus nigra L and Betula utilis D. Don were subjected 
to in vitro studies so to develop reproducible protocols for their mass 
multiplication. 
1.8 Plant Description (Morus nigra L) 
Morus nigra L. belongs to the family Moraceae and genus Morus. The 
botanical description of the genus Morus is as fallows. 
Division Spermatophyta 
Class Angiospermae 
Sub-class Dicotyledoneae 
Order Urticales 
Family Moraceae 
Genus Morus 
Species nigra  
The plant is deciduous, perennial either cultivated or wild. The plant is of 
branching type. It attains a height of 20-30 ft approximately with a girth of trunk 
about 3-4 ft. Leaves are simple, alternate, stipulate and flowers monocious or 
dioecious. The size of the stipule varies with variety, and is 1.5-2.0 cms in Morus 
nigra. The stipule protects the young leaf and as the leaf matures the stiple drops 
off. 
The infloresecenc of mulberry is a catkin, bearing unisexual flowers. Since 
flowers are unisexual, only cross pollination takes place. The chief pollinating 
agent is wind. 
Mulberry is an important plantation crop grown primarily for foliage to rear 
the silkworm (Bambyx mori L). It grows in different climatic conditions ranging 
from tropical to temperate and is unique in expression of genetic characters under 
different environmental conditions. It is widely distributed in varied ecological 
and geographical zones from intensive cultivation in temperate, sub-tropical and 
tropical areas to natural occurrence in forests. This clearly indicates that mulberry 
has high degree of morphological and physiological adjustments to changes in the 
environment.  
Mulberry grows in all types of soils and thrives well in slightly acidic soils 
with pH ranging from 6.2-7.0. The most suitable range of temperature for ideal 
growth of mulberry is 18-30°C.  
Conventionally, mulberry is propagated by cuttings as well as through 
seeds. Often cuttings proved difficult to root, thus possing problems for mulberry 
breeders. Propagation through seed is undesirable because of enormous 
heterozygoisty resulting from cross pollination.  
There has been increasing interest in using tissue culture as a means of 
clonal propagation of woody plants. This is true in those plans whose cuttings are 
difficult to root, particularly when they are taken from the mature trees. There are 
two pathways for obtaining propagulas through tissue culture. One is adventitious 
initiation of shoots or embryos from callus. The another is enhanced auxiliary 
branching by means of bud or meristem culture. The later system is useful in 
species where plant regeneration from cultured tissue is difficult to attain. Further, 
bud meristems are good material for producing multiple shoots in both 
gymnosperm and angiosperm plants. Pre-existing meristems easily developed into 
shoots and are likely to be genetically stable. 
Uses 
The tree is of great economic importance in sericulture industry because its 
foliage is used as a food for silk worm (Bombyx mori L). The trees also provide 
high quality timber and sweet edible fruits of high nutritional value (Krishna and 
Ramesh, 1989). In addition almost all other parts of the plant are used in one or the 
other. 
Recent research has shown that the patients suffering from Elephantiasis 
showed improvement when treated with leaf extract injections of Morus. These 
extracts are also used in treatment of tetanus (Bonga, 1982). 
Leaves are antibacterial, hypoglycaemic and opthalamic. They are used in 
the treatment of colds, influenza, eye infection and nose bleeds (Duke and Ayeshu, 
1985). The stems are antirheumatic and diuretic. A tincture of bark is used to 
relieve tooth ache.  
Red violet dye obtained from the fruit is used in the treatment of premature 
greying of hair and constipation.  
Its main use is colouring and flavouring of medicines (Grieve, 1984). 
The bark is purgative. It is used to expel tapeworms (Nayer and chopra, 
1986). Wood is used in joinery and sports industry (Krishna and Ramesh, 1989). 
1.9 Plant Description (Betula utilis D. Don) 
Betula utilis D. Don (Himalayan birch) belongs to family Betulaceae. It is a 
deciduous tree attaining a height of 15-20 meters from the ground and is 
commonly known as „Birch‟. The systematic position of the plant is as under:  
Division   plantae 
Class    Gymnospermeae 
Sub class   Dicotyledoneae 
Order    Fagales 
Family   Betulaceae 
Genus    Betula  
Species   utilis   
Trees are distributed mostly in northern temperate climatic regions 
including East Asia (Afghanistan, Pakistan, and India) to South China. Leaves are 
simple, alternate, toothed or lobbed, deciduous and stipulate. . It grows well in 
heavy clay soils and dislikes wet soils. The tree is shade loving and wind tolerant. 
Birches are monoecious. There are 2-4 catkins together at the ends of small shoots. 
It hybridizes freely with other members of its genus. 
The tree is distinguished by its white-brownish bark, which is peeled off in 
very thin pale almost transparent horizontal strips. In ancient times these bark 
strips were used as paper for manuscript.  
Economic uses 
Birches are versatile trees. The sap, bark, leaves, wood, twigs and roots are 
used for food, construction materials, medicine, lubricants and other applications. 
Bark is used in the treatment of hysteria and Jaundice. It is applied as drops 
to relieve ear ache. A paste made from the bark is used as a poultice on cuts, 
wounds and burns (Manandhar, 2002). 
Paper is made from the inner bark (Polunin and Stainton et al 1984).  
Outer bark can be carefully peeled off and used as paper (Gamburg and 
Philip, 1996).  
The outer bark can also be used as water proofing material and for roofing 
houses (Nanda and Kochhar, 1988). 
The birch species are used in folk remedies for abdominal and mammary 
cancers, (Duke and Wain, 1981). 
Birch leaves are used to make a diuaritic tea for colds, dysentery, milky 
urine and stomach ailments (Besendorfer, 1991). 
Extracts of birch are used for flavouring and in cosmetics such as soaps and 
shampoo (Kajaba, et al 1996). 
In northern latitudes pollens of birch tree are however, considered to be the 
most allergic tree pollens. 
 
 
Review of Literature 
Plant species respond differently to various methods of propagation. Attempts 
from time to time have been made by research workers to standardize suitable techniques 
for rapid in vitro propagation of plants. For this purpose almost all the plant parts 
including stem cutting, leaf sections, reproductive organs, isolated cells and protoplasts 
have been used as explants. However, for the micropropagation of trees, stem cuttings 
with axillary buds are the most suitable explants. These explants have a preformed shoot 
system and only the differentiation of roots is required for the development of a complete 
plantlet. The present review of literature is pertaining to the in vitro studies which have 
already been made in case of Morus and Betula species. 
2.1     Morus nigra L  
Micropropogation of Morus species has been attempted from time to time 
and the various workers exploited various explants for this purpose. However, the 
most frequently used explants included the various types of buds viz, axillary 
buds, the apical buds and the winter buds. 
Mukherjee, Sikdar and Sharma (1971) attempted micropropagation of 
Morus latifolia by using axillary buds from mature trees. Adding activated 
charcoal to the medium decreased the average number of shoots and roots. 
Optimum shoot multiplication was obtained by using MS medium supplemented 
with 2% fructose and 2 mg/l BAP. A high frequency rooting (85%) was achieved 
using half strength MS medium supplemented with 2% fructose and 1 mg/l BAP. 
Thus a rapid and efficient propagation system was developed using 2 mg/l BAP, 
2% fructose and 1 mg/l IBA for this economically important Morus species.  
Seki, Takeda and Kamala (1977) studied mulberry cell cultures. They 
observed that unlike organogenesis, subculture of mulberry callus did require both 
auxins and cytokinins. 
Yamada and Okamoto (1977) were the first to achieve the production of the 
large scale liquid culture of mulberry callus and obtained a 3-4 fold increase in cell 
volume in a 2 week culture period.  
Oka and Ohyama (1978) demonstrated that adventitious buds were induced 
directly without intermediate callus formation in leaf explants excised from young 
mulberry plants. The location and frequency of bud formation was markedly 
influenced by the concentration of BAP. Histological observation showed that bud 
initiation from the excised leaves was peripheral in origin. 
Anand and Mathews (1978) observed that axiliary buds excised from young 
seedlings of Morus alba exhibited shoot formation on MS medium fortified with 
NAA (0.5 mg/l) and BAP (0.1mg/l). In M. bombysis multiple shoot formation was 
achieved from axiliary buds when cultured on MS medium supplemented with 
YE+2,4-D+BAP. 
Ohyama and Oka (1979) cultured hypocotyl segments of germinating 
embryos of mulberry on MS medium supplemented with BAP. These explants 
produced multiple buds which when transferred to (0.1 mg/l) NAA rooted and 
produced whole plants. 
Ohyama and Oka (1982) have attempted the in vitro culture of various buds 
of mulberry tree species like Morus. alba, M. bombysis, M. multicaulis and M. 
Kagayamae. Winter buds from 1 year old branches of mature trees in the non-
dormant period, terminal buds in the growing season and axillary buds at various 
developmental growth stages were cultured on MS medium containing growth 
substances. BAP was found to be more effective than Zeatin while Kn was 
ineffective over a wide range of concentrations. A single shoot developed from a 
bud at BAP (0.1mg/l) while at (1.0 mg/l) the main apical meristem along with 
several axiallry buds gave rise to the multiple shoots. Auxians combined with 
BAP (1mg/l) had no effect on bud growth, but induced rooting of the explants. 
Thus complete plantlets were produced in medium containing BAP (0.1 mg/l) and 
IAA (0.1mg/l). 
Ohyama and Oka (1982) reported successful production of whole plants 
from mesophyll protoplast cultures of paper mulberry (Broussonetia kajinoki 
seib). Leaf pieces were incubated in a mixture containing (0.05%) protolyase Y23, 
(1%) cellulose, onozuka R10 and (0.5) Mm manitol at 25 
0
C for 3 hours. This 
yielded viable protoplasts which after 1-2 days of culture in modified MS medium 
regenerated new cell walls and showed first division within 10-20 days and small 
cell colonies were formed within four weeks. Reduction of ammonium 
concentration and using glucose were essential for sustained cell divisions. Shoot 
buds were produced from protoplast derived callus on modified MS medium 
containing (0.1mg/l) NAA and (1mg/l) BAP. These shoots rooted when 
transferred to MS medium supplemented with (0.05 mg/l) NAA. 
Kamili (1984) achieved in vitro plantlet production from Morus alba, M. 
bombysis and M. Latifolia var goshyoerami. She obtained callus and shoot 
formation from stem cutting on MS medium supplemented with 2,4-D (0.5 mg/l). 
A good callus and root formation was obtained from in vitro raised shoot segments 
on MS medium supplemented with IAA (0.5 mg/l) and BAP (0.5mg/l). A single 
shoot was obtained from axillary buds on MS medium fortified with IAA 
(0.5mg/l). Axillary buds excised from young seedlings of M. alba exhibited shoot 
formation on MS medium fortified with NAA (0.5mg/l). In M. bombrysis multiple 
shoot formation was achieved from axillary buds when cultured on MS medium 
supplemented with (YE + 2,4D + BAP.)  
Patel and Thrope (1985) were able to achieve in vitro raised Cotyledoney 
leaf, hypocotyle and shoot tips of M. alba derived from embryos. These explants 
were induced to form adventitious shoots on a medium containing high BAP 
concentrations with or without low concentration of NAA.  The adventitious 
shoots developed at the basal cut ends of the cotyledonary leaves. In addition to 
adventitious buds, shoot tip explants also produce axiliary buds. Elongation of 
buds was achieved by gradual reduction of BAP in the medium. Plantlets were 
regenerated by inducing root formation on the shoots with IBA in the medium.  
Bapat, Mhatre and Rao (1987) devised a protocol for propogation through 
encapsulated buds of Morus indica. Auxiliary buds of Morus indica L were 
encapsulated in alginate and agar to produce individual beads. The beads were 
stored at 4
0
C for 45 days without loss of viability. Amongst the encapsulating 
agents sodium alginate was found to be a better material. Encapsulated buds 
regenerated complete platelets on an appropriate medium. This technique provided 
an easy and noval propagation system for the elite as well as difficult to root 
species of mulberry. 
Balakrishnamurthy and Rao (1989) reported that 1000 ppm IBA induced 
highest rooting frequency in Morus alba L nodal cuttings and axillary buds. 
Highest shoot frequency and survival of plants obtained from in vitro cultures of 
nodal cuttings of Morus alba L was also recorded in NAA supplemented medium.   
Anuradha and Pullaiah (1992) reported that NAA was more effective 
rooting agent for Morus alba. On the other hand Chitra and Padmeja (1999) did 
not got any response with NAA as a rooting agent and reported 2,4-D to be more 
effective. 
Menakshi, Boss, Kapur and Ranghaswami (1992) succeeded in obtaining 
haploid production through anther culture of M. nigra L. Anthers of M. nigra L 
were cultured on MS medium supplemented with IBA (0.5-1.0 mg/l) and BAP 
(0.5-1.5 mg/l). Leafy shoots of in vitro raised embryos were then transferred to 
MS medium supplemented with IBA+ BAP+ Kn for the complete plantelet 
development. 
Hussain,  Rahmen and Zaman (1992) were able to obtain multiple shoots 
from nodal explants of 10 year old tree of M. laevigata on MS medium 
supplemented with different concentration of BAP ranging from (0.5-5.0 mg/l). 
Nodal segments taken from in vitro proliferated shoots produced multiple shoots 
when cultured on the same basal medium containing (2.5 mg/l) BAP. Repeated 
subcultures resulted in rapid shoot multiplication at an average rate of 6 fold per 
subculture. In vitro raised shoots rooted on MS medium containing (0.1 mg/l) each 
of IBA and NAA. The regenerated plantlets were successfully established in soil 
under field conditions after a few days of indoor acclimatization. 
Patnaik, Sahoo and Chand (1996) achieved a high frequency bud break and 
multiple shoot development from nodal explants of M. austrilis. Explants collected 
between Nov-Feb from a five year old tree when cultured on MS medium 
supplemented with BAP (1.0 mg/l) and GA3 (0.3 mg/l), not only induced faster 
bud break in nodal explants as well as in apical shoot buds but it also enhanced the 
frequency of bud break. However, nodal explants were more responsive than 
apical shoot buds. The shoots were successfully rooted on half strength MS 
medium containing combination of IAA, IBA, IPA each of (0.1 mg/l). Plantlets 
were successfully hardened and established in natural soil.  
Patnaik and Chand (1996) obtained multiple shoots from apical shoot buds 
and nodal explants of M. cathayana, M. Ihou and M. Serrata on MS medium 
supplemented with BAP (0.5-1.0 mg/l). Addition of GA3 (0.4 mg/l) along with 
BAP induced further bud break. Shoot culture initiation was greatly influenced by 
explant type, explant age and explanting season. Rooting was best achieved on MS 
medium containing a combination of IBA and IAA each at (1.0mg/l). Plantlets 
were successfully acclimatized and finally established in soil. 
Wakhlu and Bhat (1996) developed a complete regeneration protocol for 
M.alba and M. multicaulis from nodal segments on MS medium supplemented 
with BAP (1.5mg/l). In vitro formed shoots gave best rooting response on MS 
medium containing (0.5mg/l) NAA. Maximum survival of rooted platelets in the 
soil was obtained after hardening in sand and vermiculate (1:1) mixture irrigated 
with half strength MS salt solution. 
Pattnaik and Chand (1997) achieved high frequency bud break and multiple 
shoot production in apical shoot buds and nodal explants of Morus cathrayana, M. 
Ihou and M. serrata on Murashige and Skoog (MS) medium containing (0.5 –1.0) 
mg/l 6-benzlaminopurine (BAP). Addition of gibberellic acid (0.4 mg/l) along 
with BAP induced faster bud break both in apical shoot buds and nodal explants 
and also enhanced the frequency of bud break in all three species. Shoot culture 
initiation was greatly influenced by explant type, explant age and explanting 
season. The shoots were successfully rooted on half-strength MS medium 
containing a combination of indole-3-acetic acid, indole-3-butyric and indole-3-
propionic acid, each at (1.0 mg/l). The plantlets were successfully acclimated and 
eventually established in soil.      
Zaman, Islam and Joarder (1998) studied in vitro potential of mature trees 
of Morus alba which were cultured on MS medium supplemented with different 
concentrations and combinations of cytokinins and auxins. Multiple shoots were 
proliferated only in cytokinin supplemented media i.e., (1.0mg/l) 16-
benzylaminopurine and (1.0 mg/l) kinetin. Adventurous rooting occurred well 
after transferring excised shoots on half strength MS medium containing (0.5 
mg/l) each of naphthaleneacetic acid and 3-indolebutyric acid. Plantlets were 
acclimated and successfully established in soil under natural conditions.  
Hirocki Machi (1999) made efforts to select mulberry genotypes having a 
high capability of forming adventitious buds. They screened 287 genotypes by 
culturing immature leaves in MS medium containing benzyladenine (BA) for 
adventitious bud induction and in MS medium containing indoleacetic (IAA) acid 
for root induction. Adventitious buds formed in 121 genotypes. A total of 83 
genotypes developed shoots from adventitious buds, and 55 (19%) genotypes 
rooted and regenerated whole plants. Adventitious bud formation and plant 
regeneration from immature leaf cultures varied considerably in different 
genotypes. Adventitious buds were repeatedly formed by refreshing the culture in 
which the generated shoots were removed and the original immature leaf explants 
were recultured, indicating that the adventitious bud induction system is suitable 
for the in vitro propagation of the mulberry. 
Tewari, Bhatnagar and Khurana (1999) devised an in vitro regeneration 
system for the propogation of Morus multicaulis cv. Goshoerami and M. indica. 
The presence of a cytokinin was found to be essential for bud break. Thidaiazuron 
(TDZ) at a concentration of (0.1 mg/l) was found to be more effective than BAP 
for bud break and shoot proliferation in M. indica. TDZ not only significantly 
reduced the days required for bud break but also increased the percentage of bud 
breaks and the number of shoots per explant in M. indica. In vitro rooting of 
Morus shoots improved significantly by adding activated charcoal to culture 
media. A significant increase in the percentage of rooting and a decrease in the 
days required for rooting were observed by using (0.5%) activated charcoal in M. 
multicaulis cv. Goshoerami and M. indica cv and (0.1%) activated charcoal in M. 
indica. In vitro raised plantlets were successfully acclimatized and transferred to 
the field. 
Mei-Chun Lu (2002) succeeded in obtaining plantlets by using axillary 
buds from 15 year old tree of Morus latifolia. Optimum shoot multiplication was 
obtained by using MS medium supplemented with 2% fructose and (2 mg/l) BAP. 
A high frequency rooting 85% was achieved using half strength MS medium 
supplemented with 2% fructose and (1mg/l) BAP. A rapid and efficient 
propagation system was developed, using (2mg/l) BAP, 2% fructose and (1.0 
mg/l) IBA in this economically important Morus species. With a slight increase or 
decrease in hormonal concentrations a decline in shoot as well in root number was 
observed. 
Anis, Faisal and singh, (2003) obtained a high sprouting percentage (80%) 
of buds in nodal segments and shoot tips of Morus alba L under in vitro 
conditions. The in vitro proliferated shoots were multiplied rapidly on MS medium 
supplemented with BAP (2.0 mg/l) and NAA (0.2mg/l). Multiplication was also 
achieved by culture of both the kinds of explants on MS medium fortified with 
BAP (2.5mg/l) + glutamine (1mg/l). This medium facilitated the elongation of 
shoots and sprouting of axillary buds of in vitro grown shoots. About 80% rooting 
was obtained from shoots cultured on the MS medium supplemented with NAA 
(1.0mg/l). Plants with well developed roots were transferred to soil with70% of 
survival frequency. 
Ksahyap and Sharma (2003) conducted pot experiments to develop salt 
resistant plants of Morus alba by involving mainly arbuscular mychrhizal fungs, 
Azotobactor and IBA. IBA and NaCl2 concentration was optimized prior to the 
experiment by using both low and high concentrations of IBA (1.5 ppm) and 0.5% 
NaCl2 were found to be optimum in acting synergistically with VAM fungi for in 
vitro development of salt resistant saplings. The inoculation of both inoculants 
significantly enhanced survival percentage of saplings from 25-50% under salt 
stress and maximum survival (55%) of saplings was found with IBA (18 ppm) + 
VAM fungi+ Azotobactor. 
Habib, Ali and Amin (2003) studied in vitro propagation of “white 
mulberry” Morus alba using various explants and observed that the nodal explants 
exhibited comparatively better response to axillary shoot proliferation. Analysis of 
results obtained from the proliferation of explants proved that effectiveness of 
BAP was better than that of Kn with respect to axillary shoot formation. MS 
medium supplemented with (1.0 mg/l) BAP was found to be most effective 
medium on which 100% of explants proliferated to form shoots. The highest 
percentage of root regeneration (100%) was obtained in half strength MS medium 
supplemented with (0.5mg/l) IBA. 
Fatma Koyuncu and Eylem Senel (2003) reported that propogation of 
mulberry through cuttings is still one of the most cost effective methods for clonal 
regeneration. The dormant cuttings of M. nigra were prepared from one year old 
shoots during January, February and March. Rooting percentage, callusing 
percentage, number of roots per rooted cutting and average root length (cm) were 
evaluated. The average rooting of black mulberry cuttings varied from 40 to 60%. 
The best rooting percentage was obtained from bunch planting and from January 
cuttings. Among the three methods examined, bunch planting seems to be the best 
for the rooting of black mulberry hardwood cuttings.        
Umate, Jaya Sree and Sadanandan (2005) devised a protocol for 
regenerating plants from protoplasts of tropical mulberry Morus indica. Leaves 
from seedling node cultures maintained in vitro were used as donor tissue. 
Optimal cell wall digestion was achieved with a combination of cellulose (2%) 
and Macerozyme (1%). The plant growth regulator (PGR) combination of Zeatin 
(2.3 µM) and 2, 4-dichlorophenoxyacetic acid (2,4-D) resulted in the highest 
number. In protoplast cultures the cells of these colonies continued dividing, 
leading to formation of Microcalli. Whole plants were obtained after culture of 
Microcalli on Murashige and Skoog (MS) medium containing thidiazuron (TDZ 
4.5 µM) and indole-3-acetic acid (3.5 µM). The regenerated shoots were rooted on 
MS medium supplemented with (4.9 µM) indole butyric acid (IBA). With a low 
survival rate during acclimation, regenerated plants were established in the 
greenhouse. 
Kavyashree et al. (2007) reported a reproducible protocol for in vitro 
micropropagation of Morus indica mulberry variety S54. Apical buds were cultured 
on LS basal medium supplemented with different concentrations of BAP and IBA 
to study their in vitro regeneration potential. It was found that LSBM fortified with 
(8.88) µM BAP in combination with (2 µM) IBA was the most suitable medium 
for initiation and multiplication of shoots, when compared to other concentrations 
tried. The well developed, elongated, healthy multiple shoots were subjected to ex 
vitro rooting technique to obtain complete plantlets. The statistical analysis of the 
data revealed significant difference between the treatments with regard to multiple 
shoots and root formation. The well developed plants with similar genetic make-
up were successfully established in the field with 90% survival frequency through 
sequential hardening process. 
Benedetta, Germana and Antonietta (2007) setup a protocol for the in vitro 
establishment of two Sicilian genotypes of mulberry. Multiple shoots were 
initiated and plantlets were produced from buds collected from mature trees of 
Morus alba L and Morus nigra L., grown in the field. The influence of two 
explainting times (September and December) of buds on the in vitro response has 
been observed. The percentage of sprouting after four weeks of culture was greatly 
higher with material explanted from the field in September as compared with the 
one collected in December. Morus nigra L produced more vigorous shoots than 
Morus alba L. After the second subculture the number of shoots produced 
decreased, in both genotypes. No differences were observed for both genotypes 
regarding the multiplication rate. 
Balakrishnan V, Ram L and Philip R (2009) reported regeneration and 
shoot differentiation in the primary cultures of nodal explants of Morus indica L. 
On MS medium supplemental with BAP (0.5 and 1.0mg/l) in vitro proliferated 
shoots were multiplied rapidly by culture of shoot tips on Ms Medium 
supplemented with BAP (0.5 and 1.0mg/l) which produced the greatest multiple 
shoot formation. GA3 (0.05 mg/l) facilitated the elongation of shoots followed by 
sprouting of axillary buds of in vitro grown shoots. A high frequency of rooting 
(86.7%) with development of healthy roots was observed on medium with 2, 4-D 
(1.0mg/l). 
Vijayan, Nair and Chatterjee (2009) studied genetic diversity among plants 
sprouted from seven year old clones of mulberry (Morus indica var. S36). The 
clones showed significant variability in sex expression and the sprouting 
behaviour. Genetic diversity analysis revealed significant DNA polymorphism 
differences among these clones. The results of this preliminary report call for 
detailed analyses at biochemical, physiological and molecular levels coupled with 
inheritance pattern of these markers and their corresponding phenotypic traits. The 
markers identified for sprouting and sex expression are of much use in early 
identification of hybrids within the respective traits. 
Zhou and Mao (2010) achieved a high frequency (80%) of plant 
regeneration from hypocotyls of Morus Multicalulis Poir. They identified three 
key factors for enhancing successful regeneration based on earlier work. The 
highest frequency of shoot regeneration was achieved using hypocotyl segments, 
which are proximal to apical meristems, and the optimal culture conditions were 
Murasige and Skoog‟s (MS) basal medium supplemented with BAP (3.0 mg/l), 
AgNO3 (0.3 mg/l) and IAA (0.3 mg/l). The diploid plant chromosome number was 
28 (2n=2x=28) and that of tetraploid plants was 56 (2n=4x=56). Regenerated 
shoots rooted easily in 8-10 days using half-strength basal MS medium with IBA 
(0.5 mg/l). 
Sharma, Tonwar and Shukla (2010) studied the antiatherosclerotic effect of 
aqueous leaf extract of Morus rubra. A short-term toxicity assessment was also 
conducted in healthy rats to examine toxic effects of the extract. This study shows 
that aqueous leaf extract of Morus rubra (400 mg/kg) significantly improves the 
homeostasis of glucose and fat and possesses significant anti-atherosclerotic 
activity. 
2.2    Betula utilis D. Don 
Not much work has been carried out on the in vitro propagation of Betula 
species. The review of the literature pertaining to in vitro studies of Betula utilis is 
as follows.  
Clonal propagation of birch (Betula spp.) via tissue culture has been 
attempted since 1970‟s. The first micropropagated birches that were established in 
soil substrate was B. pendula (Huhtinen and Yahyaogly 1974). 
The first step towards the large scale production of micropropagated plants 
of Betula utilis was reported b McCown and Amos (1979). They produced several 
hundred plants from juvenile branches of Betula platyphylla var Szechuanica.    
McCown and Amos (1979) compared the growth of seed raised Betula 
plants and micropropagated birches Betula platyphylla in the field and found that 
both had identical growth rates in the spring and summer, but the micropropagated 
plants stopped growth one month earlier than the seedlings. This resulted in the 
micropropagated plants having a smaller size than the seedlings. They attributed 
the earlier cessation of growth in the miropropagated material to the genetic 
differences. 
Lee et al. (1986) reported in vitro propagation of B. schmidtii. They 
succeeded in the plant regeneration from shoot tips and axillary buds taken from a 
4 year old seedling. They also succeeded in obtaining a clone by successive 
subculturing of tissues of Japanese white birch (Beula platyphylla var japonica) in 
MS medium supplemented with (GA3) and found that GA3 help in sprouting of 
adventitious buds and multiple shoot induction. This experiment was intended to 
clarify the effects of GA3 concentrations on the culture of the germinated seedling 
of B. schmidtii. They established in vitro propagation method for mass 
propagation of this birch from germinating seedlings. 
Ryynanen and Ryynanen (1986) reported micropropoagation of Betuala 
pendula var carelica from mature explants.   
Welander (1988) obtained complete plantlets of B. pendula. From axillary 
buds which were exposed to different hormone concentrations. Complete plantlets 
were acclimatized to natural conditions. 
Elisa Sarkihita (1988) regenerated tetrapolid plantlets from cultured apical 
and auxiliary buds of 2-3 year old (colchine polypolid and mutant) Betula 
pendulla Roothi. Bud explants were grown on modified MS medium 
supplemented with BAP (2.0 mg/l and NAA (0.01mg/l). The medium allowed 
both induction of adventitious buds and development of shoots. The 
micropropagated shoots were rooted on MS medium containing NAA (0.1 mg/l). 
Plantlets regenerated were transferred to a peat/ soil mixture (1:1) in green house. 
Plantlets had a haploid chromosome set (4n=55) and an altered leaf morphology. 
The mutant nature of the parent tree was also evident in light green colour of the 
leaves of plantlets. 
Cesar, Perez and Postigo (1988) successfully regenerated plantlets from 
shoot segments of Betula cetibercia excised from seedlings. Initiation and 
elongation of multiple shoot buds was achieved  after 20 days culture in MS 
medium supplemented with BAP (0.6 mg/l) followed by 20 day culture in the 
same medium in the presence of a reduced BAP concentration (0.1mg/l). Rooting 
was achieved 7 days after having transplanted the isolated shoots to fresh medium 
supplemented with IBA (0.2 mg/l). 
Valobra & James (1990) observed the effect of Zeatin, NAA, (α- 
naphthaleneacetic acid), putrescine and cefotaxime on the frequency of shoot 
regeneration from Betula pendula leaf discs. They observed that about 80% of leaf 
discs formed adventitious shoots when the culture medium contained (45.6 µmol 
1
-1
) Zeatin and (0.1 mmol    1
-1
) cefotaxine. The addition of NAA to Zeatin-
containing media prevented shoot regeneration but stimulated root development 
directly from leaf tissues. Putrescine (0.1mmol 1
-1
) and cefotaxime (0.1mmol 1
-1
) 
could both significantly increase the percentage of leaf discs regenerating shoots 
on optimal zeatin containing media and increase the number of shoots per 
regenerating disc. 
John and Paul (1991) while studying the rooting behaviour in five varieties 
of birches reported that optimum concentration for inducing higher rooting 
percentage (88.6%) was 6000 ppm IBA. 
Meier-Dinkel (1992) was the first to report significant differences between 
different clones of B. pubescens in field trials with regard to their growth. He 
observed that the growth of micropropagated plants of Betula pubescens (three 
clones) in the lowlands was good. In another trial at higher elevation the growth of 
micropropagated plants of B. pendula and B. pubescens was much slower, which 
was explained by poorer growth conditions. In the same study, hybrid birches (B. 
platyphylla var. japonica X B pendula) propagated in vitro from mature 
genotypes, showed a vigorous orthotrophic growth typical to seedlings. 
Ide. Y and Nishikawa. H (1993) achieved plantlet regeneration in Betula 
schmidtii when they cultured cotyledonal nodes of seedlings on ½ MS medium 
containing (0.8 mg/l) of NAA and (10 mg/l) of GA3. On GA3 free medium, these 
explants did not produced multiple shoots. For the rooting ½ MS medium 
containing (0.02 ml/l) of NAA and (0.5 mg/l) of IBA was appropriate. The 
regenerated plantlets were successfully acclimatized on soil mixture.  
Vihera, Aarnio and Ryynanen (1995) compared silver birch seedlings, 
grafts and micropropagated plants with regard to their growth, crown structure, 
flowering and seed production during the first four years in polythene greenhouse 
experiment with ten different genotypes. At the age of two years, the growth of the 
seedlings was the most vigorous and that of the grafts the lowest, the 
mictopropagated plants being intermediate. The difference between the seed-born 
and the micropropagated plants was, however, not significantly higher in number 
of branches than the micropropagated plants, whereas the differences in branch 
length, branch thickness and seed production between these two groups were not 
significant. The closer similarity between the micrtopropagated plants and the 
seedlings suggests that the micropropagated material had been rejuvenated. They 
found, that micropropagated plants were closer to the grafts than the seedlings 
with respect to the male flowering, indicating that all features of the 
micropropagated trees may not be juvenile. 
Jones et al. (1996) compared the field performance of silver birch trees 
produced by micropropagation with that of seedlings. The study was carried out 
over a period of seven years. Material for micropropagation was collected from a 
20-years-old tree, which in turn had been produced by grafting a shoot from a 40-
year-old tree. In their study, micropropgated trees grew at similar rate to seedling 
trees and no obvious mutant types were observed. The micropropagated trees were 
more uniform in height and trunk girth than seedlings.  
Jones, Margareta and Barbara (1996) compared the growth of trees 
produced by micropropogation from nodal stem sections or callus tissue of a 20 
years old silver birch (Betula pendula) tree with that of seedlings; growth was 
monitored for 17 months in pots followed by six years in the field. 
Micropropogated trees from both nodal stem sections and callus tissue grew at 
similar rate to seedling trees and no obvious mutant types were observed. 
However, micropropogated trees were more uniform in height and trunk girth than 
seedling trees and more than 80% flowered within three years of planting, whereas 
only 39% of seedling trees flowered within this time. 
Joressia, Jamison and Renfroe (1998) developed a method of propagation 
through nodal culture for verginia round leaf birch Betula uber Ashi. Nodal 
cultures of verginia round leaf birch had the greatest shoot elongation on woody 
plant medium supplemented with BAP (7.5Mm) and GA3 (2.9Mm). Shoot 
elongation was significantly greater when BAP was combined with GA. 
Propagation through nodal culture provides a feasible method by which verginia 
round leaf birch can be propagated and maintained. The same technique may be 
applicable to other endangered hard woody species. 
Zong, Jeffery and Wenhao (2000) developed a micropropogation system 
for mass propagation of „Fargo‟ a newly released cultivator of Asian white birch 
(Betula platphylla). Shoot tips from the mature, 7-year-old tree were established 
on 75% strength Murashige and Skoog medium supplemented with (0.1 µM) 
benzyladenine (BA), solidified with (6.5 g/liter) agar, and cultured at 24 
o
C. 
Microshoots were rooted in vitro or ex vitro followed by establishment in the 
greenhouse. A system to regenerate plantlets from leaves of aseptically cultured 
shoots was also developed. The generated shoots proliferated on the 
micropropagation medium were divided and the resulting shoots were rooted ex 
vitro and acclimated in greenhouse conditions. 
Vihera, Aarnio and Velling (2001) micropropagated seed born silver 
birches (Betula pendula Roth) for survival, height, growth and tolerance against 
biotic damage (voles, mooses, stem lesions and cankers) in field trails in southern 
Finland. The material consisted of 11 clones and 10 different lots of seedlings 
growing in 10 field trails, established in clear cut forest cultivation areas. The 
plants were 6-7 years old. The micropropagated and seed-born material types did 
not significantly differ from each other as regards survival, height, growth and 
frequencies of damage between single clones. These workers recommended 
careful selection and testing of birch clones in field conditions, before wide-scale 
commercial micropropagation and practical forest cultivation takes place.  
 
Material and Methods 
The most important aspect of the in-vitro techniques is to carry out various 
operations under aseptic conditions. In order to maintain the aseptic environment inside 
the culture vials, the following necessary measures were taken in the laboratory:  
i. Washing and sterilization of glassware and other equipments. 
ii. Preparation and sterilization of nutrient medium. 
iii. Source of plant material and its sterilization. 
iv. Aseptic transfer conditions (inoculation). 
v. Cultural conditions. 
3.1 Washing and sterilization of glass ware and other equipments. 
Glassware used in plant tissue culture should be less prone to brakeage and 
heat resistant. Thus in the present study a good quality “Borosilicate” glass-ware 
procured from “Borosil” was used as it is thermo-resistant.  It was soaked in a 
detergent solution overnight and washed under a jet of running tap water so as to 
remove the detergent. Later it was rinsed thoroughly with double distilled water to 
remove the last traces of detergent and finally oven dried at 100
0
C for 2-4 hours 
and stored in dust proof cupboards till use. 
The previously used and contaminated  glass culture vials, cotton plugs, 
pipettes and petriplates etc were sterilized by autoclaving at 15 PSI pressure at 
(121
0
 C) for 15-40 minutes and dried in a hot oven at 100
0
 C for 2-4 hours. The 
sterilized items were allowed to cool before removal from oven for further use. 
The metal instruments such as forceps, scalpals, needles, scisors, spatulas 
etc. were surface sterilized by dipping in 70% ethanol or rectified spirit followed 
by flaming on burner and cooling in laminar air flow hood before each 
inoculation. 
3.2     Preparation and sterilization of nutrient medium 
During the present investigation, Murashige and Skoog‟s (1962) basal 
medium was used (table 1). The plant growth regulators used were auxins and 
cytokinins. The auxins used were Indole acetic acid( IAA), Indole butyric acid 
(IBA), Napthelene acetic acid (NAA) and Dichlorophenoxy acetic acid(2, 4-D) 
while as the cytokinins used were Kinetin (Kn) and Benzylaminopurine (BAP). 
These hormones were used individually as well as in different combinations and in 
a wide range of concentrations. Stock solutions of cytokinins were prepared by 
dissolving them in a few drops of 0.1 N NaOH and those of auxins in 0.1 N HCl. 
The final volume was adjusted by adding double distilled water. 
For the preparation of a given volume of MS medium, the desired volume 
of the stock solution from macrosalts, microsalts, vitamins and iron source were 
added to known quantity of double distilled water. To this solution 30 gm/l 
sucrose and 0.8gm/l agar was added. This solution was heated till agar got 
dissolved completely. It was then cooled and the pH of medium adjusted between 
5.6-5.8 using 0.1 N NaOH and 0.1N HCl.  
About 15 ml of this medium was dispensed in Boorsil culture tubes and 
about 25 ml in 100ml conical flasks which were plugged properly and tightly with 
sterilized non-absorbent cotton plugs. 
Finally, these culture vials and flasks containing nutrient medium were 
sterilized by autoclaving at 15 PSI pressure at121
0
C for 15-20 minutes in an 
autocleave. 
3.3      Source of plant material and its sterilization 
All tissue culture are likely to end up contaminated if explant used is not 
obtained from properly disinfected plant material. To obtain sterile plant material 
is very important but in the process of sterilization living materials should not lose 
their biological activity. Plant organs or tissues are therefore, only surfaces 
sterilized with a disinfectant solution at suitable concentration for a specific 
period.  
The explants used in the present study i.e., leaves, petiole, shoot tips, nodal 
segments with axillary buds and winter buds were excised from the field grown 
authentic plants of Morus nigra L and Betula utilis D. Don. These explants were 
firstly washed under a jet of running tap water in order to remove dust, dirt and 
other unwanted materials. They were then washed by a detergent solution 
(Labolenne) containing 2-3 drops of a wetting agent (tween 80). This was 
followed by washing with tap water to remove the detergent and finally washed 2-
3 times with double distilled water under laminar air flow hood. Finally the 
explants were disinfected with 0.1% HgCl2 solution for different time durations 
(table 2, 3 and 4). 
The surface sterilized explants were then washed 5-6 times with autoclaved 
double distilled water so as to remove the last traces of the strilant. The sterilized 
plant material was then put into pre-autoclaved petri-dishes, cut into suitable size 
and finally aseptically inoculated into the culture medium. Each treatment 
involved about 10-20 explants and each experiment were repeated twice. 
TABLE 1  
Composition of modified Murashige and Skoog’s (MS, 1962) Medium 
Inorganic Macronutrients Concentration mg/l 
CaCl2, 2H2O 440 
KNO3 1900 
KH2PO4 170 
MgSO4, 7H2O 370 
NH4NO3 1650 
Inorganic Micronutrients  
CoCl2, 6H2O 0.025 
CuSO4, 5H2O 0.025 
FeSO4, 7H2O 27.8 
H3BO3 6.2 
KI 0.83 
MnSO4, 4H2O 22.3 
Na2MoO4, 2H2O 0.25 
Na2 EDTA 37.3 
ZnSO4, 7H2O 8.6 
Organic Constituents  
Gylcine 2 
Myo-inositol 100 
Nicotinic acid 0.5 
Pyridoxine, HCl 0.5 
Thiamine HCl 0.1 
Carbon Source  
Sucrose 30g/l 
Supporting Materials  
Agar 8g/l 
3.4     Aseptic transfer conditions 
Inoculations 
All the inoculations were made aseptically under a laminar airflow hood. 
Before initiating the process of inoculation, laminar airflow hood was sterilized by 
switching on U.V radiations for 25-30 minutes and the surface of the laminar air 
flow working table was cleaned by whipping it with 95% ethyl alcohol before 
initiating any operation under the hood. The ultra clean air blown through HEPA 
(high efficiency particulate air) filters, being free from fungal and bacterial 
contaminants makes the transfer of plant material into the culture vials very safe. 
The instruments like foreceps, inoculating neadles, the scalpel blade etc. 
were flame sterilized before using them for the inoculation. The finger tips were 
cleaned by 70% ethyl alcohol, mouth and nose were covered with a mask so as to 
avoid the contamination of the cultures.     
3.5      Cultural conditions 
After inoculation, the cultures were transferred to the culture room which 
was initially sterilized by washing all of its walls and floor with a detergent 
solution followed by whipping with „lyzol‟ solution. The cleaning of culture room 
was done at regular intervals. 
Initially culture vials containing the plant material were incubated in 
complete darkness for 72 hours till they got established. Subsequently, they were 
exposed to 18 hours of photo period provided by cool white florescent tube lights. 
Observations were made from 3
rd
 day upto 4 weeks. The pentameters 
recorded included formation of callus, nature of callus, differentiation of organs 
from the callus, adventitious development of shoots and roots from the explants 
etc. After 4 weeks of inoculation subculturing of the explants was done. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Results 
4.1  Chemical Sterilization of Explants 
Over growth of surface contaminants inhibit the resumption of growth of 
the excised tissues, under in vitro cultural conditions. Surface sterilization of 
explants, collected from mature plants, is therefore, necessary before initiation of 
any in vitro culture. Thus in the present study protocols for the surface sterilization 
of the explants procured from the field grown plants of Morus nigra and Betula 
utilis were standardized. 
The various explants of Morus nigra used during the present work were 
surface sterilized with 0.1 % HgCl2 solution for different time durations. Nodal 
segments excised from field grown plants of Morus nigra L when treated for 2 
minutes, showed high rate of contamination. The percentage of contamination free 
plants after 10 days was zero. Same was the case when these explants were treated 
for 3-4 minutes. The optimum time duration however, was 5 to 6 minutes at which 
the highest frequency of contamination free cultures (100%) were achieved after 
10
th
 day of inoculation. Exposure of nodal segments to the chemical sterilization 
over 7 minutes proved toxic to the explants as (60-80%) explants showed signs of 
degeneration and did not responded to the cultural conditions (Table 2).   
Leaf explants of M. nigra were successfully sterilized when treated for 4 
minutes with the 1% HgCl2. Time duration of 5-8 minutes proved detrimental to 
explants as they showed death due to tissue killing (Table 3). 
In the same way the time duration treatment and the effect of HgCl2 (0.1%) 
on different explants of Betula utilis i.e., nodal segment, shoot tips, petiole, and 
leaf segments were standardized, the result of which are depicted in (Table 4). 
As surface of young shoots and leaves of B. utilis is hairy and waxy so use 
of strillent like HgCl2 was very essential.  Leaf explants of Betula showed no 
contamination when treated with (0.1%) HgCl2 for 3-4 minutes of time. When 
treated for a period of 7-8 minutes, all cultures were destroyed as explants become 
metabolically inactive. 
Other surface sterilants like sodium hypochlorite and calcium hypo-chlorite 
were also used but HgCl2 was found to be very effective and potent sterilizing 
agent over a wide range of explants used.     
 
 
 
 
TABLE 2  
Effect of HgCl2 (0.1%) treatment period on sterilization of nodal segments of 
Morus nigra L excised from field grown mature trees. 
Treatment 
duration 
(min)  
No. of 
explants 
Rate of contamination 
(after days of treatment) 
2
nd
     4
th
     6
th
    8
th
  10
th
 
% age of 
contamination free 
explants after ten days. 
2 
3 
4 
5 
6 
7 
8 
9 
10 
10 
10 
10 
10 
10 
10 
10 
-         4          6      10    10 
-         3          5       9     10 
-        -           2       3     5 
-         -           -       1      2 
-         -           -        -      -          
-          -           -        -      - 
-          -            -        -     - 
-           -           -        -     - 
0 
10 
50 
70 
100 
100* 
100** 
100*** 
--Indicate no contamination 
*Indicate culture death due to tissue killing 
   (* 5-20%)(**30-50%)(***60-80%) 
 
 
 
 
TABLE 3  
Effect of HgCl2 (0.1%) treatment period on surface sterilization of leaves of 
Morus nigra L. excised from field grown mature trees. 
Treatment 
duration 
(min)  
No. of 
explants 
Rate of contamination 
(After days of treatment) 
2
nd
 4
th
  6
th
 8
th
 10
th
 12
th
 16
th
 
Percentage of 
contamination free 
explants after 10 days. 
1 10 -      3   4    6   8     10   10   0 
2 10 -    4     5    6   7     10    10  0 
3 10 -     -     -     -    5    10    10     0 
4 10 -     -     -      -    -     -     -  100 
5 10 -     -    -       -    -     -     -  100* 
6 10 -     -    -       -    -     -     -  100* 
7 10 -     -    -        -    -     -     -  100** 
8 10 -     -    -        -    -     -     -  100*** 
- (No contamination). 
*(Indicate no. contamination) but culture death due to tissue killing 
(* 5-20%)(**30-50%)(***60-80%) 
 
 
 
 
TABLE 4  
Optimum sterilization treatment period of different explants from B. utilis 
with 0.1% HgCl2. 
Explants Surface sterlant Treatment 
(Time period) 
%age of contamination 
free explants 
Nodal explants 0.1% HgCl2 5-6 min 80% 
Shoot tip 0.1% HgCl2 5-6min 50% 
Petiole 0.1% HgCl2 4-5min 60% 
Leaf segments 0.1% HgCl2 3-4 min 80% 
4.2  In vitro studies on M. nigra L and B. utilis D. Don 
During the present study various explants including nodal segments with 
axillary buds, shoot tips, winter buds, leaf explants and petiole segments were 
inoculated on MS basal medium adjuvanted with various growth regulators 
including auxins (2,4-D, NAA, IAA, and IBA) and cytokinins (Kn and BAP), in 
order to find the effect of these growth regulators in inducing redifferentiation and 
differentiation in these explants. In addition to this the effect of various physical 
factors viz; temperature and light which play an important role in the 
establishment of cultures, were monitored in the culture room.  
It was observed that the florescent light has a definite impact on 
establishment of cultures in the present study. When cultures were exposed to 
florescent light from the first day of inoculation the explants started losing their 
green pigment and within 2-3 days turned albino. Afterwards they remained 
quiescent and showed no morphogenesis. It was however, observed that for the 
successful establishment of cultures it was necessary to incubate them in total 
darkness for the first 72 hours of inoculation till they got established followed by 
exposure to 18 hours of photo period. 
4.3  In vitro studies on M. nigra L 
The hormonal requirements for the establishment of various explants 
leading to the development of complete in vitro raised plantlets varied a great deal 
in different explants. Thus in order to develop a reproducible protocols for the in 
vitro propagation of Morus nigra various explants were exploited, the results of 
which are given as under.   
4.3.1 In vitro response of nodal segments 
The present study was undertaken to develop a reproducible protocol for in 
vitro propagation from nodal segments with axillary buds.  
 
 
 
i. Effect of cytokinins  
Shoot regeneration 
Nodal segments with 2-3 axillary buds obtained from Juvenile branches of 
Morus nigra L when inoculated on MS basal medium showed no response. In 
order to induce axillary shoot proliferation these explants were inoculated on MS 
medium supplemented with various concentrations of cytokinins like (BAP and 
Kn) of which the most effective concentrations are given in (Table 5). On MS 
basal medium augmented with Kn (0.5mg/l) the shoot buds sprouted in 30% 
cultures after 10 days inoculation. The shoots obtained did not elongated on the 
same medium upto 4 weeks time. Later on, these explants were transferred to fresh 
MS basal medium of the same composition but still they did not showed any 
further growth upto a period of 4 weeks. Finally they turned yellowish in colour 
and afterwards necrosed. 
BAP as a source of cytokinin was found to be more effective then Kn, as 
these explants responded to its varied concentrations. On MS basal medium 
augmented with BAP (5.0-5.2 mg/l) explants sprouted and produced shoot buds in 
60-70% cultures after 1 week of inoculation. The shoot buds elongated into 
multiple shoots in the same media upto 2 weeks of inoculation. These shoots were 
then transferred to a fresh medium of the same composition and were maintained 
for a period for 4 weeks time. When inoculated on MS basal medium fortified 
with BAP (5.0mg/l) these explants showed the maximum response as initiation of 
shoot buds was achieved in 90% cultures from 6
th
 day of inoculation. These buds 
developed into multiple shoot after 2 weeks of inoculation.             
Shoot multiplication 
The shoots regenerated during 1
st
 passage of clonal propagation were cut 
into nodal segments of 2-3cm and subcultured on the best of the induction medium 
i.e., MS+BAP in order to increase the number of shoots. It was observed that the 
explants responded better to the reduced concentrations of BAP as compared to 
the 1
st
 stage of shoot regeneration (Table 6).  Explants inoculated on MS medium 
augmented with BAP (1.5mg/l) induced the best response as initiation of multiple 
shoot buds was achieved in 90% cultures within 4-5 days of inoculation. The 
microshoots produced lobed as well as unlobed leaves which were similar to those 
produced by the mother plant in nature. The shoots started growing and after 15
th
 
day of inoculation the cultures turned light green in color and got established as 
shoots (Fig 1, 2). 
 
 
 
 
 
 
TABLE 5  
Effect of cytokinin (mg/l) on shoot regeneration from nodal segments of Morus 
nigra L. 
Cytokinin (mg/l) % age of culture 
forming usable shoots. 
Average No. of 
shoot/ explant 
Average shoot 
length (cm). 
MS basal Medium 
(Control) 
No Response 0.0 0.0 
Kn    
0.2 20 2.1 1.1 
0.5 30 3.2 2.1 
BAP    
5.0 90 7.5 5.4 
5.1 60 2.5 3.0 
5.2 70 2.1 1.1 
 
 
 
 
TABLE 6 
 Effect of BAP (mg/l) on shoot multiplication from in vitro raised micro 
cuttings of Morus nigra L. 
BAP 
(mg/l) 
% age of culture 
forming usable shoots 
Average no. of 
shoots / explant 
Average length 
of shoots (cm) 
5.5 30 2.0 2.2 
4.5 30 3.0 2.3 
3.5 40 4.1 2.5 
2.5 70 7.1 2.4 
0.5 80 8.0 2.3 
1.5 90 10.2 2.8 
ii. Effect of auxins  
Induction of rooting 
For the production of complete plantlets the in vitro raised shoots were 
transferred on MS basal medium adjuvanted with various concentrations of auxins 
including IAA, IBA and NAA (Table 7). In MS basal medium augmented with 
IAA (0.5mg/l) the cultures showed root initiation after 12
th
 day of inoculation 
from basal cut portion of shoot explants in 40% cultures and within 4 weeks roots 
developed in each responsive culture. The micro shoots when transferred onto MS 
basal medium fortified with IAA (1.0mg/l) exhibited root initiation in 50% 
cultures after 10 days of inoculation. The sprouted roots increased in size in the 
same medium upto 4 weeks of inoculation. MS basal medium supplemented with 
IBA (2.0-3.0mg/l) exhibited root initiation only in 20% cultures after 18
th
 day of 
inoculation. 
When MS basal medium was supplemented with different concentrations of 
NAA, the explants started sprouting within 6 days of inoculation and 
microcuttings showed different rooting response at different concentrations. At a 
concentration of NAA (0.5-1.7mg/l) microcuttings sprouted only in 60% cultures 
and produced (5.3) number of roots within 2 weeks of culture. The maximum 
numbers of roots (7.5) were formed in 80% microcuttings, when subcultured on 
MS medium supplemented with NAA (0.5 mg/l), within 5 to 6 days of inoculation 
(Fig 3). Further, roots developed in this medium were comparatively stout and also 
produced lateral roots within 2 weeks of inoculation. 
iii. Effect of auxin-cytokinin combinations 
In order to develop a single step protocol for production of clonal plants, 
the nodal segments were also subcultured on MS medium supplemented with 
various auxin-cytokinin combinations. Of the different combinations used, nodal 
segments responded very well in the combinations mentioned in (Table 8). MS 
basal medium fortified with Kn (1.0mg/l) + IBA (0.5mg/l) induced formation of 
friable callus at the cut end of nodal segments along with shoot formation within 
10-12 days of inoculation in 30% cultures. When subcultured in the same media 
composition, the shoots elongated which were later maintained in the same 
medium upto a period of 4 weeks. MS basal medium augmented with Kn 
(2.0mg/l) + IBA (1.0mg/l) induced only shoot differentiation in 20% cultures 
within 14-16 days of inoculation however, on MS basal medium supplemented 
with BAP (1.0-2.0mg/l) + IBA (0.5-1.0mg/l) the explants exhibited shoot as well 
as root initiation after 10-15 days of inoculation in 30-40% cultures. These 
plantlets were finally maintained on the same medium composition upto a time 
period of 4 weeks. Complete plantlet development was achieved when explants 
were cultured on MS basal medium fortified with BAP (0.5-1.0mg/l)+NAA (1.0-
2.0mg/l). On this medium the explants exhibited best morphogenetic potential as 
in 70-80% cultures shoot as well as root differentiation started after 6-8 days of 
inoculation. In the next 4 weeks these cultures showed enhanced growth along 
with the production of roots (Fig 4). 
  
 
 
 
 
 
 
 
 
TABLE 7  
Effect of auxin (mg/l) on root induction from in vitro raised shoots of Morus 
nigra L. 
Auxins 
(mg/l)  
% of cultures forming 
useful roots 
Average no. of 
roots/ explant 
No. of days taken 
for rhizogenesis 
IAA    
0.5 40 3.1 12 
1.0 50 3.5 10 
IBA    
2.0 20 3.0 18 
3.0 20 3.1 18 
NAA    
0.5 60 5.3 16 
1.7 60 5.2 16 
1.0 70 3.6 8-10 
0.5 80 7.5 5-6 
 
 
TABLE 8  
Effect of PGR’s on nodal segments of Morus nigra L.  
PGR’s (mg/l) % of cultures 
regenerated 
Average no. of  
shoots/explants 
Average no. of 
roots/explants 
Kn+IBA    
1.0+0.5 20 2.1 Creamish friable callus 
2.0+1.0 30 3.0 - 
BAP+IBA    
1.0+0.5 30 3.5 2.1 
2.0+1.0 40 4.6 3.2 
BAP+NAA    
0.5+1.0 70 9.1 6.2 
1.0+2.0 80 10.2 8.1 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
    
Fig 1 Fig 2 
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4.3.2 In vitro response of winter buds 
In the present study non dormant winter bud explants were procured from 
field grown Juvenile branches of Morus plant and were inoculated on MS medium 
supplemented with different concentrations of auxins viz; (2,4-D, IAA, IBA and 
NAA) and cytokinins including (BAP and Kn). As is common with other plants, 
mulberry buds too have an absolute requirement for auxins and cytokinin for their 
growth.  
i. Effect of cytokinins  
Shoot regeneration 
Winter bud explants from very young branches were taken and cultured on 
MS medium supplemented with cytokinins viz (BAP and Kn) at different 
concentrations. The buds showed no response when inoculated on MS basal 
medium. On MS basal medium supplemented with Kn (0.1mg/l) buds sprouted 
and produced a friable callus. The callus proliferated and a few shoots also 
regenerated in 30% cultures after 18-20 days of inoculation. When subcultured in 
the same medium of the same composition, the shoots elongated, which were then 
maintained on the same media upto a total culture period of 4 weeks. When 
subcultured on MS basal medium fortified with Kn (0.5mg/l). These explants 
exhibited shoot differentiation in 50% cultures upto 1-2 weeks of inoculation but 
afterwards the cultures showed signs of necrosis.  
 
Shoot multiplication 
On MS basal medium supplemented with BAP (0.5mg/l) these explants 
exhibited shoot proliferation within 8
th
 day of inoculation in 60% cultures. These 
shoots when transferred to fresh MS media of same composition developed into 
multiple shoot. Explants cultured on MS basal medium augmented with BAP 
(1.0mg/l) exhibited best morphogenetic potential as 80% cultures responded in 
which shoot differentiation started after 3-4 days of inoculations. The maximum 
average number of shoots formed was (6.1) with an average length of (6.0 cm) 
(Fig 5, 6). In the next 4 weeks the microshoots showed enhanced shoot 
multiplication when transferred on to same media composition.  
It was also investigated that number of shoots produced from each bud 
varied in accordance with the levels of BAP i.e., at a concentration of BAP 
(0.1mg/l) only 2 shoots developed from each bud while at a concentration of BAP 
(1.0mg/l) multiple shoot formation took place (Table 9). 
ii. Effect of auxins  
Induction of rooting  
For the induction of roots the in vitro differentiated shoots measuring 3-4 
cm in length were excised from shoot clumps and subcultured on MS basal 
medium supplemented with different concentrations of auxins viz, (IAA, IBA and 
NAA) (Table 10). In MS basal medium supplemented with IAA (0.5mg/l), 
cultures showed root initiation after 20 days of inoculation from basal cut portion 
of shoots in 40% cultures. When MS basal medium was supplemented with IAA 
(1.0mg/l) the shoots exhibited root initiation in 50% cultures after 10 days of 
inoculation. The sprouted roots increased in size in the same media upto 4 weeks 
of inoculation. MS basal medium fortified with IBA (1.0mg/l) induced rooting in 
70% cultures. The most effective concentration at which maximum root induction 
was achieved MS basal medium augmented with NAA (1.0mg/l) on which 90% 
cultures produced an average of8.2 roots within 5-6 days of inoculation. 
iii. Effect of auxin-cytokinin combinations 
Winter buds were also inoculated on MS medium supplemented with 
various auxin-cytokinin combinations for the production of complete plantlets. Of 
different combinations used, the winter buds responded very well in the 
combinations mentioned in (Table 11). When explants were cultured on MS 
medium fortified with BAP (1.0-2.0mg/l) + IAA (0.2-1.2mg/l) they exhibited 
morphogenetic potential in (20-30%) cultures. Shoot differentiation started after 
18-20 days of inoculation. On MS medium supplemented with BAP (1.0-2.0mg/l) 
+ IBA (0.2-0.3mg/l) the buds sprouted and produced multiple shoots as well as 
roots in (40-50%) cultures after 10-15 days of inoculation. When subcultured in 
the same media composition the shoots as well as roots elongated after a period of 
4 weeks time. Explants when subcultured on MS basal medium augmented with 
BAP (0.5-2.0mg/l)+NAA (0.2-0.5mg/l) exhibited best morphogenetic potential as 
70% cultures, responded to these cultural conditions upto 10 days of inoculation. 
These explants sprouted into friable creamish callus which proliferated into micro 
shoots as well as micro roots after subculturing in the same medium composition. 
On MS basal medium supplemented with BAP (2.0mg/l) + NAA (0.5mg/l) these 
explants showed best morphogenetic potential as they sprouted in 80% cultures 
within 5-10 days of inoculation. These cultures when transferred to the same 
media composition produced multiple shoots as well as roots after a culture period 
of 4 weeks (Fig 7).  
MS medium fortified with Kn (1.0-2.0mg/l) + IAA (0.5-1.0mg/l) the 
explants exhibited formation of friable callus at the cut ends along with shoot 
formation, after 10-15 days of inoculation in 20-30% cultures. Similar results were 
also obtained when explants were cultured on MS basal medium augmented with 
different concentrations of Kn + IBA. On MS medium supplemented with Kn 
(0.2-0.5mg/l) + NAA (0.1-0.2mg/l) buds sprouted only in 30% cultures after 10-20 
days of inoculation. When these buds were subcultured in the same media the 
shoots elongated upto 18
th
 day of inoculation afterwards they turned yellowish in 
colour, did not showed any further growth and finally necrosed.         
 
 
 
TABLE 9 
Effect of cytokinin (mg/l) on shoot multiplication in in vitro raised shoots of 
Morus nigra L. 
Cytokinin 
(mg/l) 
%age of cultures 
forming useful shoots. 
Average no. of 
shoots/ explant 
Average Length 
of shoots (cm) 
Kn    
0.1 30 2.0 0.1 
0.2 40 2.1 1.0 
0.5 50 3.0 2.0 
BAP    
0.1 50 2.1 2.1 
0.5 60 4.0 3.2 
1.0 80 6.1 6.0 
 
 
 
 
 
TABLE 10 
 Effect of auxins (mg/l) on root induction in in vitro raised shoots of Morus 
nigra L. 
Auxins 
(mg/l) 
% age of cultures 
forming usable roots 
Average no. of  
roots/explants 
No. of days taken 
for rhizogenesis 
IAA     
0.5 40 4.7 20 
1.0 50 5.2 10 
IBA    
0.5 60 5.0 12 
1.0 70 5.2 8-10 
NAA    
0.5 80 6.1 7-8 
1.0 90 8.2 5-6 
 
 
 
 
TABLE 11 
Effect of PGR’s on winter buds of Morus nigra L 
PGR’s (mg/l) %age of cultures 
regenerated  
Average no of 
shoots/ explant 
Average no. of 
roots/explant 
BAP+IAA    
1.0+0.2 20 2.0 1.1 
2.0+1.2 30 2.5 2.0 
BAP+IBA    
1.0+0.2 40 3.0 2.1 
2.0+0.3 50 3.1 2.0 
BAP+NAA    
1.0+0.5 60 4.0 3.0 
0.5+0.2 70 6.5 5.2 
2.0+0.5 80 8.2 6.1 
Kn+IAA    
1.0+0.5 30 2.0 2.1 
2.0+1.0 20 3.1 3.0 
Kn+IBA    
0.2+1.0 30 4.1 1.1 
0.5+1.2 20 3.2 2.0 
Kn+NAA    
0.5+0.2 30 4.1 3.0 
0.2+0.1 30 3.2 2.1 
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4.3.3 In vitro response of shoot tip explants 
In the present study tender shoot tips were also exploited for successful 
micropropagation of Morus nigra L. For this purpose the apical shoot tips excised 
from young branches of Morus nigra were inoculated on MS medium 
supplemented with different concentration and combination of auxins and 
cytokinins. 
i. Effect of cytokinin 
Shoot regeneration 
For the in vitro production of clonal plants tender shoot tips (2 cm) in 
length were excised as explants from mature trees. These explants when 
inoculated on MS basal medium showed no response. In order to achieve the 
production of shoots from these explants, MS basal medium was augmented with 
various concentrations of cytokinins viz BAP and Kn of which the best one‟s are 
depicted in (table 12). On MS medium supplemented with Kn (0.5-1.5mg/l) 
explants showed a good morphogentic response in terms of shoot differentiation 
after 20-25
th
 day of inoculation in 20-30% cultures but after 2 weeks of 
inoculation all the cultures lost their green pigment, turned albino and remained 
quiescent and finally decayed after 2 weeks of inoculation. 
On MS basal medium supplemented with BAP (0.2mg/l) the shoots tip 
explants sprouted into shoot buds in 50% cultures after 10-12 days of inoculation. 
These shoot buds elongated into multiple shoots (25.4) upto 18
th
 day of 
inoculation after which the shoots were further grown on fresh media of the same 
composition for a total period of 4 weeks. Shoot tips inoculated on MS basal 
medium fortified with BAP (1.0mg/l) showed the best response as initiation of 
multiple shoot buds was achieved in 60% cultures from 10
th
 day of inoculation.  
Shoot multiplication   
The shoots regenerated during the first passage of clonal propagation when 
subcultured on the best of the induction media i.e., MS + BAP (2.0mg/l), exhibited 
the best morphogenetic potential as shoot buds elongated in 80% cultures within 6 
days of inoculations (Fig 8, 9).  This process was repeated after every 4 weeks. 
When a large number of shoots (40.2) were produced, they were then transferred 
to rooting media.   
 
 
 
 
 
 
 
 
 
TABLE 12 
 Effect of cytokinin (mg/l) on shoot multiplication from shoot tip explants of 
Morus nigra L 
Cytokinin 
(mg/l) 
%age of cultures 
forming usable shoots 
Average no. of 
shoots/explants 
No. of days 
taken 
MS basal 
medium control 
- - - 
Kn    
0.5 20 4.0 20 
1.5 30 5.3 25 
BAP    
0.2 50 10.1 12 
1.0 60 25.4 10 
2.0 80 40.2 6 
ii. Effect of auxins 
Induction of Rooting 
For the induction of roots the in vitro differentiated shoots, measuring 3-4 
cm in length, were excised from shoot clumps and subcultured on MS basal 
medium supplemented with different concentrations of auxins. Of various auxins 
used the results were obtained in NAA and IBA supplemented medium (Table 13). 
On MS medium supplemented with IAA (0.5-1.0mg/l) explants sprouted only in 30-40% 
cultures after 20 days of inoculation but after 25
th
 day, the explants turned brownish 
and showed signs of necrosis. In MS medium augmented with IBA (0.5mg/l) the 
cultures exhibited root initiation after 2 weeks of inoculation from basal cut portion of 
shoots in 50% cultures. On MS basal medium supplemented with IBA (2.0mg/l) 
showed root initiation occurred in 60% cultures after 12 days of inoculation. The 
sprouted roots (4.3) increased in size in the same medium upto 4 weeks of inoculation. 
The best root induction was recorded on MS medium supplemented with NAA 
(1.0 mg/l) within 7-8 days of inoculation in 80% cultures with an average length of 
roots as 5.1 cm.   
 
 
 
 
 
 
 
 
 
 
 
TABLE 13  
Effect of auxins on root induction in in vitro grown micro cuttings of Morus 
nigra L.  
Auxins 
(mg/l) 
%age of cultures 
forming usable roots 
Average no. of 
shoots per/ explant 
Average length 
of roots (cm) 
IAA    
0.5- 30 2.0 1.0 
1.0 40 3.2 2.0 
IBA    
0.5 50 3.5 2.0 
2.0 60 4.3 2.1 
NAA    
0.2 60 5.2 2.2 
0.5 70 6.3 4.4 
1.0 80 8.2 5.1 
 
 
 
 
iii. Effect of auxin-cytokinin combinations 
The shoot tips explants were also subcutured on MS medium supplemented 
with various auxin-cytokinin combinations of which the effective one‟s are 
depicted in (Table 14). MS basal medium augmented with BAP (2.0-5.0mg/l) + IAA 
(0.2-0.5mg/l) induced the production of a friable callus at the cut end of explants along 
with the regeneration of few shoots after 18
th
 day of inoculations in 20-30% cultures. The 
explants when subcultured on MS basal medium augmented with BAP (0.2-1.0mg/l) + 
IBA (0.1-0.5mg/l) same results were obtained after 14-16 days of inoculation. On MS 
basal medium supplemented with BAP (2.0-5.0mg/l) + NAA (0.2-0.5mg/l) the 
explants exhibited best morphogenetic potential as 70-80% cultures responded to in 
vitro conditions. Shoot as well as root differentiation started within 6-8 days of 
inoculation. In the next 4 weeks the complete plantlets were inoculated on the same 
media composition wherein they showed enhanced growth (Fig 10).  
On MS medium supplemented with different combinations of (Kn+IAA, 
Kn+IBA and Kn+NAA) the explants sprouted only in 20% cultures after 2 weeks 
of inoculation and when transferred onto the same media composition they 
showed no further morphogenetic potential.            
 
 
 
 
 
TABLE 14 
 Effect of PGR’s on shoot tips explants of M. nigra L. 
PGR’s 
(mg/l)  
%age of cultures 
regenerated 
Average no. of 
shoots/ explant 
Average no. of 
roots/explants 
BAP+IAA    
2.0+0.2 20 2.3 3.2 
5.0+0.5 30 1.5 1.0 
BAP+IBA    
0.2+0.1 20 2.0 1.0 
1.0+0.5 30 2.7 2.1 
BAP+NAA    
2.0+0.2 70 8.3 6.3 
5.0+0.5 80 10.2 8.1 
Kn+IAA    
0.5+0.2 20 3.1 3.0 
1.0+0.2 20 2.0 1.1 
Kn+IBA    
0.2+0.5 20 3.2 2.0 
1.0+2.0 20 2.1 1.1 
Kn+NAA    
2.0+0.5 20 3.0 2.1 
0.5+0.2 20 2.2 2.0 
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4.3.4 In vitro response of leaf explants  
During the present study very young leaves of Morus nigra were excised 
from Juvinile branches. The leaves after sterilization were cut into 2-3 cm 
segments and were subjected to in vitro studies.  
Induction of callus 
The explants were inoculated on MS medium supplemented with different 
concentrations and combinations of auxins and cytokinins. On MS medium 
supplemented with 2,4-D (0.2 mg/l) they explants increased 2 fold in size, 
regained meristematic activity, re-differentiation and started producing callus 7-8 
days of inoculation in 70% cultures. MS medium fortified with 2,4-D (0.5 mg/l) 
proved detrimental to callus growth. Among various concentrations 2,4-D (0.3 
mg/l) proved to be very effective concentration at which a friable and nodular 
callus with a number of embryodis was formed within 3-5 days of inoculation in 
80% cultures. The callus also exhibited power of regeneration (Table 15) (Fig: 11, 
12). Concentrations greater than (0.5mg/l) proved to be detrimental to the callus 
growth. NAA was also used in various concentration but it was found effective at 
a concentration of (2.0mg/l), the leaf explants increased 2 fold in size within 5-8 
days of inoculations in 50% cultures but later these cultures turned pale yellow. 
These explants failed to produce any response on MS medium supplemented with 
various concentrations of IAA and IBA respectively. 
i. Effect of cytokinins 
Shoot regeneration 
The proliferated callus was subcultured on fresh MS medium augmented 
with different cytokinin concentrations so as to induce the regeneration of shoots 
from the callus.  BAP was found to be more effective than Kn over a wide range 
of concentrations. On MS basal medium fortified with Kn (0.1-0.5mg/l) the callus 
proliferated into shoot buds in 20-30% cultures after 18
th
 day of inoculations. 
When subcultured in the same medium these buds did not showed further 
morphogenetic growth and finally necrosed after 2 weeks of inoculations.  
At BAP (1.0 to 1.2mg/l) the callus showed 2 fold increases in size within 1-
2 weeks of inoculation in about 50-60% cultures and shoots regeneration occurred 
at this concentration within 12 days of inoculation and the numbers of shoots 
formed were (5-6). The optimum concentration at which best shoot regeneration 
occurred was BAP (1.0-1.2 mg/l) at which shoots were produced in about 60-70% 
cultures with (5-6.1) shoots per callus. 
Shoot multiplication 
The shoots regenerated from callus were transferred on the best of the 
induction medium i.e., MS+BAP (2.0mg/l) so as to increase their number (Table 
16) (Fig 13, 14). This process was repeated after every 4 weeks, thus resulting in 
the production of a large number of shoots within 5-7 days of inoculation in 80% 
cultures which were finally transferred to rooting medium.      
ii. Effect of auxins  
Induction of rooting  
The elongated shoots were transferred to fresh MS medium supplemented 
with different concentration of auxins including (IAA, IBA, NAA) of which the 
most effective one‟s are given in (table 17). On MS basal medium augmented with 
IAA (0.5mg/l) these cultures showed root initiation after 12
th
 day of inoculation 
from basal cut portion of shoots in 40% cultures. On MS basal fortified with IAA 
(1.0mg/l) the shoots exhibited root initiation in 60% cultures upto 10 days of 
inoculation. The sprouted roots increased in size in the same media composition 
upto 4 weeks of inoculation. MS basal medium supplemented with IBA (0.5mg/l) 
induced root induction in 60% cultures after 18
th
 day of inoculation. MS medium 
supplemented with NAA (1.0mg/l) induced rooting in 70% cultures within 10 days 
of inoculation. The effective concentration at which professed rooting took place 
was NAA (0.2mg/l) at which rooting occurred in 80% cultures within 7-8 days of 
inoculation with 90% survival frequency. 
iii. Effect of auxin-cytokinin combination 
In order to develop a single step protocol for the production of clonal 
plants, the auxins and cytokinins were used together in a wide range of 
concentrations and combinations. Of different combinations used, the explants 
responded well in the combinations mentioned in the (table 18).  
The in vitro raised microshoots when subcultured on MS basal medium 
augmented with BAP (0.5-2.0mg/l) + IAA (0.2-1.0mg/l) exhibited morphogenetic 
potential in 30-40% cultures. Shoot differentiation occurred after 20
th
 day of 
inoculation but these shoots when subcultured in the same medium did not showed 
any further morphogenetic growth. 
Explants cultured on MS basal medium fortified with BAP (0.3-1.0mg/l) + 
IBA (0.2-2.0mg/l) induced shoot as well as root production in 50-60% cultures 
after 18
th
 day of inoculation on further subculturing explants do not showed any 
remarkable further growth. On MS basal medium augmented with BAP (0.2mg/l) 
+ NAA (0.5mg/l) the in vitro raised shoots developed multiple shoot as well as 
roots in 70% cultures after 15
th
 day of inoculation. When these explants were 
inoculated on MS basal medium supplemented with BAP (0.5mg/l) + NAA 
(1.0mg/l) shoot as well as root initiation took place upto 12
th
 day of inoculation in 
80% cultures. Subsequent subculturing in the same media composition resulted in 
the production of multiple shoots along with roots after a culture period of 4 week 
(Fig 15). On MS basal medium supplemented with Kn (0.5-1.1mg/l) + IBA (1.0-
2.1) induced morphogenetic potential 30-40% cultures upto 10 day of inoculation. 
These micro plantlets after subcutluring in the same media composition did not 
showed any morphogenetic growth.  
 
 
 
 
TABLE 15 
Effect of 2,4-D on Leaf explants of Morus nigra L 
2,4-D (mg/l) %age of cultures 
regenerated  
Response of cultures 
forming callus  
No. of days 
taken 
0.1 30 A Little increase in size, 
cultures showed 
meristematic activity and 
redifferentiation.   
10 
0.2 70 do 7-8 
0.3 80 A friable callus with a no. of 
embryoids was formed, 
callus was nodular which 
also exhibited power of 
regeneration.  
3-5 
0.5 40 This concentration proved 
detrimental to callus growth 
Necrosis  
  
 
 
 
 
TABLE 16 
 Effect of cytokinin on shoot multiplication from subcultured callus. 
Cytokinin (mg/l) %age of cultures 
forming usable shoots 
Average no. of 
shoots/ explants  
Average length 
of shoots (cm) 
MS Basal Medium 
(Control) 
0.0 0.0 0.0 
Kn    
0.1 20 2.0 1.0 
0.2 30 2.4 2.0 
0.5 30 3.0 2.0 
BAP    
0.5 40 0.1 3.1 
1.0 50 5.0 4.0 
1.2 60 6.1 4.2 
2.2 80 8.1 6.1 
 
 
 
TABLE 17 
Effect of auxins on root induction in in vitro raised shoots of Morus nigra L 
Auxins 
(mg/l) 
%age of cultures 
forming usable roots 
Average no. of 
roots/explants 
No. days taken 
for rhizogenesis 
IAA    
0.5 40 4.1 12 
1.0 60 5.0 10 
IBA    
0.5 60 5.1 18 
1.0 30 3.2 20 
NAA    
1.0 70 6.2 10 
0.2 80 8.1 8 
 
 
 
 
 
TABLE 18  
Effect of PGR’s on in vitro raised shoots of Morus nigra. 
PGR’s (mg/l)  %age of cultures 
regenerated 
Average no. of 
shoots/explant 
Average no. of 
roots/explant 
BAP+IAA    
0.5+0.2 30 2.0 1.0 
2.0+1.0 40 2.1 2.0 
BAP+IBA    
1.0+2.0 50 3.0 2.1 
0.5+0.2 60 5.0 4.1 
BAP+NAA    
0.2+0.5 70 10.2 6.0 
0.5+1.0 80 12.1 8.1 
Kn+IAA    
2.0+3.0 30 2.1 2.0 
5.0+3.0 40 2.0 1.1 
Kn+IBA    
0.5+1.0 40 3.1 2.1 
1.1+2.1 30 2.1 2.0 
Kn+NAA    
0.2+0.5 30 3.0 2.0 
0.5+2.0 30 2.1 1.1 
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4.3.5 In vitro response of petiole segments 
During the present study petiole explants were evaluated for in vitro responses so 
as to exploit them for successful micropropagation 
i. Effect of auxins 
The petiole segments 1-2 cm length were taken from Juvinile leaves of Morus 
nigra and inoculated on MS medium supplemented with different concentrations of 
auxins viz (2,4-D, NAA, IAA and IBA). These explants produced a little callusing on 
2,4-D (2.0mg/l) supplemented medium in 40% cultures after 12-15 day of inoculation but 
later on these explants turned brownish and necrosed. 
ii. Effect of cytokinin 
1-2 cm long petiole segments were inoculated on MS medium supplemented with 
different concentrations (0.1mg/l), (2.0mg/l), (1.1mg/l) and (2.1mg/l) of BAP and Kn 
respectively. On all these media the explants did not responded to the cultural conditions. 
iii. Effect of auxin-cytokinin combinations  
Petiole explants when cultured on MS medium supplemented with 2,4-D (2.0 
mg/l) + BAP (1.5 mg/l) and IBA (1.0 mg/l) + Kn (2.1 mg/l) swelled at the cut ends in 
80% cultures from 7
th
-14
th
 day of inoculation. But these cultures also remained quiescent 
and turned brownish after 2 weeks of inoculation.   
4.4 In vitro studies on Betula utilis D. Don 
During the present study various explants viz; leaf explants, nodal segments 
with axillary buds, shoot tip explants, winter buds and petiole segments were 
excised from field grown plants of B. utilis so as to develop reproducible protocols 
for its micropropagation. The in vitro responses of the various explants are as 
follows. 
4.4.1 In vitro response of leaf explants 
During the present study very young leaves of B. utilis were procured from 
the field grown plants of Betula utilis and were cut into 2-3 cms segments. These 
explants were inoculated on MS medium adjuvented with different concentrations 
and combinations of growth inducers on which the following results were 
achieved.  
Induction of callus 
The leaf explants when inoculated on MS basal medium adjuvented with 
different auxins viz (2,4-D, IBA, IAA and NAA) showed good responses to 2,4-D 
supplemented medium. 2,4-D was effective in concentrations ranging from (0.1-
3.5mg/l) (Table 19). The concentration of 2,4-D (2.5mg/l) proved to be most 
effective for callus initiation. The explants produced green colour callus at the cut 
ends which registered 4 fold increase in size within 2-5 days of inoculation in 
about 80% cultures (Fig 16, 17). The callus was nodular and friable which also 
exhibited power of regeneration. At concentration (0.1-0.5 mg/l) 2,4-D induced 
callus formation from cut end of the explants in 30-40% cultures within 8-10 days 
of inoculations but after 10-15 days these cultures turned brownish in colour, 
remained quiescent and necrosed after 15 days of inoculation. Concentration 
greater than (2.5 mg/l) proved to be detrimental to callus growth. 
When NAA was used at various concentrations, the leaf explants increased 
2 fold in size upto 5-8 days of inoculation in 60% cultures, but these cultures 
turned pale yellow after 10-15 days of inoculation. The leaf explants however, 
failed to produce any response on MS medium supplemented with various 
concentrations of IAA and IBA. 
TABLE 19 
Effect of 2,4-D on leaf explants of Betula utilis 
2,4-D 
(mg/l) 
%age of cultures 
regenerated  
Response of cultures forming 
callus 
No. days 
taken 
0.1 30 Callus formation took place from 
cut end of the callus but after 8-15 
days, cultures turned brownish 
and showed signs of necrosis. 
8-10 
0.2 30 do 8-10 
0.5 40 do 8-10 
2.5 80 Explants produced green colour 
callus which registered 4 fold 
increase in size, callus was 
nodular and friable in texture  
2-5 
3.5 10 This concentration proved 
detrimental to the callus growth 
- 
i. Effect of cytokinins  
Subculturing of callus 
The proliferated callus was subcultured on fresh MS basal medium 
adjuvanted with different concentration of cytokinins viz; (BAP and Kn) for shoot 
regeneration. 
Shoot multiplication 
The effect of cytokinins on dedifferentiation of subcutured callus was 
investigated (Table 20). The proliferated callus when inoculated on MS medium 
supplemented with Kn (0.5-1.0mg/l) produced elongated shoots after 20
th
 days of 
inoculation in 20-30% cultures. Later on however, all the cultures turned brownish 
and remained quiescent and after 2
nd
 week of inoculation the cultures showed 
signs of necrosis. 
When callus was subcultured on MS medium supplemented with BAP (0.2 
mg/l) it proliferated into embroyids within 8-10 days of inoculation and these 
emboyids turned into shoots in about 60% cultures. On MS medium supplemented 
with BAP (0.5 mg/l) callus showed very good morphogenetic potential in terms of 
shoot differentiation in 70% cultures after 6-8
th
 days of inoculation. When 
transferred to same medium, multiple shoot formation took place within 6-8 days 
of inoculation.  
The best results in terms of shoot differentiation were obtained on MS 
medium supplemented with BAP (1.5mg/l) were 80% cultures exhibited 
morphogenetic growth. The differentiation of shoots started from 5-6 days of 
inoculation. After 15
th
 day of inoculation the elongated shoots turned light green 
and got established as shoots (Fig 18, 19).  
ii. Effect of auxins   
Induction of rooting 
For the induction of rooting, the in vitro raised shoots were excised from 
shoot clumps and subcultured on MS basal medium augmented with different 
concentrations of auxins viz; (IAA, IBA and NAA) of which the effective ones are 
depicted in (table 21). In MS basal medium augmented with IAA (0.5mg/l) these 
cultures started root initiation after 10
th
 day of inoculation from basal cut portion 
of the shoots in 40% cultures but after further subculturing the callus remained 
quiescent and showed no further growth. MS basal medium fortified with IBA 
(1.0mg/l) induced root induction in 60% cultures after 12 days of inoculation. The 
sprouted roots increase in size in the same medium composition upto 4 weeks of 
inoculation. The maximum frequency of root differentiation (8.2) roots were 
achieved on MS basal medium supplemented with NAA (1.0mg/l) after 10 days of 
inoculations in 80% cultures. 
 
 
iii. Effect of auxin-cytokinin  combinations 
For the production of complete plantlets the auxin-cytokinin combinations 
were also used of which the effective ones are given in (table 22). In vitro raised 
shoot tips when inoculated on MS basal medium augmented with Kn (0.2-2.0mg/l) 
+ IAA (0.5-1.0mg/l) exhibited shoot as well as root development after 2 weeks of 
inoculation in 30-40% cultures. When subcultured in the same media composition 
of same composition after a period of 4 weeks. The shoots as well as roots 
elongated but after words shoots turned yellow and finally decayed. Similar was 
the case when shoot buds were inoculated on MS basal medium supplemented 
with different concentrations and combinations of Kn+IBA. MS medium fortified 
with Kn (2.0mg/l) + NAA (1.0mg/l) induced shoot as well as root initiation in 
60% cultures after 12 days of inoculation. These explants when subcultured in the 
same media composition after a period of 4 weeks produced an increased number 
of shoots which was accompanied by production of roots as well. 
MS basal medium supplemented with BAP (0.5mg/l) +IAA (2.0mg/l) 
induced shoot as well as root production in 50% cultures upto 12
th
 days of 
inoculation. The sprouted shoots and roots increased in size in the same media 
composition upto 4 weeks of inoculation. MS basal medium fortified with BAP 
(0.2mg/l) + IBA (1.0mg/l) induced morphogenetic potential in 60% cultures. 
Shoots started differentiating 10 days after inoculation and in the next 4 weeks 
micro shoots as well as micro roots were produced in the same media composition. 
Shoot tips cultured on MS basal medium supplemented with BAP (2.0mg/l) + 
NAA (0.5mg/l) exhibited best morphogenetic potential as 80% cultures responded 
upto 8-10 days of inoculation. In the next 4 weeks the complete plantlets were 
produced which showed enhanced growth after transferring in the same media 
composition (Fig 20, 21). 
TABLE 20 
 Effect of cytokinin (mg/l) on subcultured callus of Betula utilis.  
Cytokinin (mg/l) Percentage of cultures 
forming usable shoots 
Average no. of 
shoots/explant 
Average length 
of shoots (cm) 
MS basal medium 
(Control) 
- - - 
Kn    
0.5 20 2.1 2.0 
1.0 30 3.0 2.1 
BAP    
0.2 60 5.2 3.5 
0.5 70 6.3 4.3 
1.5 80 9.2 5.3 
 
TABLE 21 
Effect of auxins on root induction from In vitro raised shoot clumps 
Auxins 
(mg/l) 
Percentage of cultures 
forming useable roots 
Average no. of 
roots/explants 
No. of days taken 
for rhizogensis 
IAA    
0.2 30 3.2 10 
0.5 40 4.3 2.0 
IBA    
0.5 50 5.1 25 
1.0 60 6.2 12 
NAA    
0.5 70 6.2 15 
1.0 80 8.2 10 
 
 
 
 
 
 
TABLE 22  
Effect of PGR’s on in vitro raised shoot tip explants of Betula utilis  
PGR’s 
(mg/l) 
%age of cultures 
regenerated 
Average no. of 
shoots /explant 
Average no. of 
roots/explant 
Kn+IAA    
0.2+0.5 30 1.0 1.1 
2.0+1.0 40 2.1 2.0 
Kn+IBA    
0.3+1.0 50 5.0 3.0 
1.0+2.0 50 4.2 4.0 
Kn+NAA    
1.0+0.5 50 4.1 3.0 
2.0+1.0 60 3.0 3.0 
BAP+IAA    
1.0+0.5 40 5.1 3.1 
0.5+2.0 50 6.0 4.0 
BAP+IBA    
1.2+0.5 50 6.5 4.2 
0.2+1.0 60 7.0 5.1 
BAP+NAA    
1.0+2.0 70 8.2 8.0 
2.0+0.5 80 10.5 10.2 
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4.4.2 In vitro response of nodal segments  
The possibility of nodal segments with axillary buds as a potential source 
for micropropagation was studied during the present work. The nodal segments 
with a few axillary buds were subjected to cultural conditions using different 
growth regulators viz; auxins (IAA, IBA and NAA) and cytokinin viz; (BAP and 
Kn) at varied concentrations. 
i. Effect of cytokinins  
Shoot regeneration  
Nodal explants (1-2cm) in length excised from mature plants, when 
inoculated on MS basal medium showed no response. In order to achieve shoot 
proliferation in these explants, MS basal medium was augmented with various 
concentrations of cytokinins viz; BAP and Kn.  
On MS basal medium supplemented with Kn, the explants responded at 
concentrations of (0.2-1.0mg/l). Of these concentrations the best results were 
obtained on Kn (1.0mg/l) were in 50% cultures initiated shoot differentiation. 
When these shoot were further transferred to MS basal medium of the same 
composition, they remained quiescent and turned yellowish in colour.  
The nodal segments inoculated on MS medium fortified with BAP 
(0.2mg/l) produced multiple shoot buds in 60% cultures after 18
th
 day of 
inoculation. These shoot buds elongated into multiple shoots (average 6.5) in the 
same media composition after 20
th
 day of inoculation. The shoots were transferred 
to a fresh medium of the same composition and were maintained for a total period 
of 4 weeks time. 
On MS medium supplemented with BAP (0.5mg/l) the nodal segments 
sprouted into multiple shoot buds in 70% cultures which elongated into multiple 
shoots upto 10 days of inoculation. Afterwards, the shoots were further grown on 
the fresh medium of same composition for a total period of 4 weeks.  
Shoot multiplication 
Initiation and elongation of multiple shoot buds were obtained after 8 days 
of culture when in vitro raised shoots were subcultured on fresh MS basal medium 
supplemented with BAP (1.0 mg/l) followed by 8 days of culture in the same 
medium composition. The sprouted buds elongated into shoots and produced 
leaves from 7-8
th
 day of inoculation in 80% cultures (Fig 22, 23). With a slight 
increase or decrease in concentration there was a drastic change in shoot number. 
The number of days for the shoot proliferation also varied with the increase or 
decrease in the hormone concentration as depicted in (Table 23). 
ii. Effect of auxins 
Induction of rooting 
For the induction of rooting the in vitro raised shoots were transferred to 
fresh MS medium supplemented with different concentrations of auxins. The 
effective one‟s are given in (Table 24). On MS basal medium augmented with 
NAA (0.5-1.0mg/l) the cultures exhibited root initiation from basal cut portion of 
shoots in 30% cultures after 10-15 days of inoculation and within 20-25
th
 day roots 
developed in each culture. Microshoots when transferred onto the MS basal 
medium with same composition showed no further growth turned brownish and 
decayed after 20
th
 day of inoculation. In MS basal medium fortified with IAA 
(0.3-0.4mg/l) cultures exhibited root initiation in 50-60% cultures after 13
th
 day of 
inoculation. The sprouted roots increased in size in the same media composition 
upto 4 weeks of inoculation. IBA (0.1mg/l) induced highest frequency of rooting 
as 70% cultures produced roots after 15
th
 day of inoculation. however, the best 
results in terms of rooting were obtained on MS + IBA (0.2mg/l) on which within 
7 days roots were produced in 80% cultures 90% survival frequency. 
iii. Effect of auxin-cytokinin combination 
The effects of most inductive auxin-cytokinin combination on nodal 
explants are depicted in (Table 25). Nodal explants, inoculated on MS basal 
medium fortified with BAP (1.0-2.0mg/l) + IAA (0.5-1.0mg/l) induced bud 
sprouting after 2 weeks of inoculation in 30-40% cultures. When subcutlured in 
the same medium of same composition the buds elongated into shoots upto 4 
weeks of inoculation. On MS basal medium fortified with BAP (0.5-1.5mg/l) + 
IBA (0.2-1.0mg/l), nodal explants sprouted and produced shoot buds in 50-60% 
cultures. The shoot buds when grown in the same media composition developed 
shoots as well as roots. MS basal medium supplemented with BAP (0.5-1.0mg/l) + 
NAA (0.5-2.0mg/l) induced bud differentiation in 70-80% cultures after 10 days 
of inoculation. Later on these shoot buds when transferred in the same media 
composition resulted into (10-12.6) shoots with (9-10.5) roots per explant (Fig 24). 
MS basal medium fortified with Kn (2.0-5.0mg/l) + NAA (1.0-5.0mg/l) induced 
multiple shoot bud production only in 40% culture after 15
th
 day of inoculation. 
The same cultures when transferred to MS basal medium of same composition 
showed no further morphogenetic potential and finally necrosed after 20
th
 day of 
inoculation. 
  
 
 
 
 
 
 
 
 
 
 
 
TABLE 23 
Effect of cytokinin (mg/l) on nodal segments excised from young seedlings of 
B. utilis D. Don. 
Cytokinin (mg/l) %age of culture 
forming usable shoots 
Average no of 
shoots/ explant 
Days taken for 
shoot formation. 
MS Basal medium 
(Control) 
___ ____  
Kn    
0.2 30 2.0 20 
0.5 40 3.1 18 
1.0 50 4.2 16 
BAP    
0.2 60 6.5 18 
0.5 70 8.3 10 
1.0 80 9.2 8 
 
 
 
 
TABLE  24 
Effect of auxins on isolated shoots of Betula utilis D. Don for root induction. 
Auxins 
(mg/l)  
%age of cultures 
forming usable roots 
Average no of 
roots/ explant 
Days taken for 
root formation 
IBA    
0.1 70 5.1 15 
0.2 80 8.2 7 
IAA    
0.3 60 6.0 13 
0.4 50 5.0 13 
NAA    
0.5 30 4.1 10 
1.0 30 3.0 15 
 
 
 
 
 
TABLE 25 
 Effect of PGR’s on nodal segments of Betula utilis D. Don after 4 weeks of 
inoculation. 
PGR’s 
(mg/l) 
%age of cultures  
regenerated 
Average no. of 
shoots/explant 
Average no. of 
roots/explant 
BAP+IAA    
1.0+0.5 30 5.0 4.1 
2.0+1.0 40 7.0 6.1 
BAP+IBA    
1.5+1.0 50 8.1 7.0 
0.5+0.2 60 9.2 8.1 
BAP+NAA    
1.0+0.5 70 10.5 9.2 
0.5+2.0 80 12.6 10.5 
Kn+IAA    
1.0+0.5 20 2.1 2.0 
0.5+1.0 30 3.2 2.1 
Kn+IBA    
2.0+0.5 30 3.1 2.1 
1.0+0.2 30 2.0 2.0 
Kn+NAA    
5.0+1.0 40 5.3 4.2 
2.0+5.0 40 5.2 4.3 
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4.4.3 In vitro response of shoot tip explants 
During the present study very young shoot tip explants were procured from 
juvenile branches of B. utilis and were subjected to in vitro studies. These explants 
did not show any morphogenetic response on MS medium without any growth 
regulator. This signifies importance of growth inducers which vary from species to 
species for organogenesis. 
i. Effect of cytokinins 
Shoot regeneration   
In order to induce multiple shoot development in these explants, MS basal 
medium was augmented with various concentrations of cytokinins viz; BAP and 
Kn (table 26). On MS basal medium supplemented with BAP (1.0mg/l), induced 
shoot initiation in 60% cultures within 8-10 days of inoculation. These shoots 
elongated in the same media composition upto 4 weeks of culture. Shoot tips 
inoculated on MS basal medium supplemented with BAP (2.0mg/l) induced shoot 
differentiation in 70% cultures after 7-8 days of inoculation. These buds developed 
into shoots in the same media composition upto 15 day of inoculations.      
Shoot multiplication 
The optimum and effective concentration for the shoot multiplication was 
BAP (2.2mg/l) at which at an average (8) shoots per explant were formed in about 
90% cultured within 5-6 days of inoculation. The shoots started growing 
vigorously and after 15
th
 day of inoculation cultures turned light green and got 
established as shoot clumps (Fig 25, 26). These shoots were grown on the same 
medium for a period of 4 weeks and were then transferred to the rooting medium. 
On MS medium supplemented with Kn (1.0mg/l) these explants exhibited 
initiation of shoot buds in 40% cultures from 18 days of inoculations but after 20 
days of inoculation the cultures remained quiescent and showed no further 
morphogenetic potential.  
On MS basal medium augmented with Kn (2.0mg/l), sprouting took place 
in 50% cultures from 16
th
 day of inoculation. When these buds were transferred to 
fresh MS basal medium for shoot elongation no significant response was observed. 
ii. Effect of auxins 
Induction of rooting 
The in vitro raised shoots (3-4 cm) length were excised from shoot clumps 
and inoculated on MS medium supplemented with various concentrations of 
auxins including IAA, IBA and NAA for root induction. Of various auxins used, 
the results were obtained in NAA supplemented medium (Table 27). In MS basal 
medium augmented with NAA (4.1mg/l) the cultures exhibited root initiation after 
8-9 days of inoculation from basal cut portion of the shoots in 60% cultures and 
within 4 weeks roots developed in each culture. The microshoots when transferred 
onto MS basal medium supplemented with NAA (1.0mg/l) showed root initiation 
in 70% cultures within 10-12 days of inoculation. The sprouted roots increased in 
size in the same media composition upto 4 weeks of inoculation.    
The optimum concentration at which profussed rooting occurred was NAA 
(2.1 mg/l). The average numbers of roots (6.1) were produced in about 80% 
cultures within 6-7 days of inoculation. No significant response was observed on 
MS basal medium supplemented with IAA and IBA. 
Similar results have been reported by Zong, Jeffery and Wenhao (2000) in 
B. platiphylla on MS medium supplemented with BAP (0.1mg/l) solidified with 
(6.5gm/l) agar and cultured at 24
0
c microshoots were rooted in vitro or ex vitro 
followed by establishment in the greenhouse. 
iii. Effect of auxin-cytokinin combinations 
In order to investigate the effect of auxin-cytokinins combinations on in 
vitro shoot proliferation, the shoot tip explants were taken, cut into 2-3 cm 
segments and inoculated on MS basal medium supplemented with different 
concentrations and combination of auxin and cytokinins. The effective one‟s are 
depicted in (Table 28).  
MS basal medium augmented with Kn (0.5-1.0mg/l) + IAA (0.5-1.5mg/l) 
induced formation of creamish and friable callus at the cut ends of explants along 
with the production of a single shoot which also produced roots upto 10-12 days of 
inoculation in 20-30% cultures. On MS basal medium fortified with Kn (1.0-
2.0mg/l) + IBA (0.5-1.0mg/l) these explants exhibited shoot bud differentiation in 
30-40% cultures upto 14-16 days of inoculation. These shoots were later 
transferred on the same media composition for a period of 4 weeks interval. 
MS basal medium supplemented with BAP (0.5-2.0mg/l) + IBA (1.0-
2.0mg/l) explants exhibited shoot as well as root initiation in 50-60% cultures. 
These rooted shoots when transferred to fresh medium of same composition 
developed into multiple shoots which produced roots as well. Shoot tip explants 
when subcultured on MS basal medium supplemented with BAP (0.5-1.0mg/l) + 
NAA (0.5-2.0mg/l) exhibited best morphogenetic potential in 70-80% cultures, 
shoot differentiation started after 6-8 days of inoculation and in the next 4 weeks 
these microshoots in the same medium showed elongation along with the 
production of roots  (Fig 27).    Nishikawa (1993) also achieved similar results 
while culturing cotyledonary nodal segments of B. schmiditha on Ms medium 
containing NAA (0.2 mg/l) + IBA (0.5 mg/l) 
 
 
 
 
 
 
 
TABLE 26  
Effect of cytokinins on shoot tips from young seedlings of Betula utilis. 
Cytokinin 
(mg/l) 
Percentage of cultures 
forming usable shoots 
Average no. of 
shoots/explant 
Days taken for 
shoot formation 
BAP    
1.0 60 4.1 8-10 
2.0 70 5.0 7-8 
2.1 80 7.2 6-7 
2.2 90 8.1 5-6 
Kn    
1.0 40 3.0 18 
2.0 50 4.1 16 
2.5 30 2.0 20 
 
 
 
 
 
TABLE 27 
Effect of auxins on in vitro raised shoots of Betula utilis D. Don for root 
induction. 
Auxins 
(mg/l) 
Percentage of cultures 
forming usable roots 
Average no. of 
roots/explant 
Days taken for 
root formation 
IAA    
1.0 20 1.2 10-15 
0.5 20 1.0 15-18 
IBA    
0.2 30 2.0 16-18 
0.5 30 2.1 18-20 
NAA    
3.0 50 1.3 9-16 
4.1 60 3.2 8-9 
1.0 70 4.0 10-12 
2.1 80 6.1 6-7 
 
 
 
TABLE 28 
 Effect of PGR’s on shoot tip explants of Betula utilis D. Don 
PGR’s (mg/l) %age of cultures 
regenerated 
Average no. of 
shoots/explant 
Average no. of 
roots/explant 
Kn+IAA    
1.0+0.5 20 1.0 1.0 
0.5+1.5 30 2.0 1.0 
Kn+IBA    
2.0+1.0 30 3.1 2.1 
1.0+0.5 40 4.0 2.2 
Kn+NAA    
0.2+0.5 40 4.0 3.1 
1.0+1.1 40 4.3 3.2 
BAP+IAA    
1.0+0.5 40 5.0 4.3 
0.5+2.0 50 6.2 5.2 
BAP+IBA    
2.0+1.0 50 7.2 6.0 
0.5+2.0 60 8.1 7.2 
BAP+NAA    
1.0+0.5 70 9.5 9.3 
0.5+2.0 80 10.8 10.6 
      
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 27 
Fig 25 
Fig 26 
4.4.4 In vitro response of winter buds 
In the present study winter buds were procured from Juvinile branches of a 
mature tree and were inoculated on MS medium supplemented with different 
concentrations of auxins and cytokinins either separately are in combinations. As 
is common with other plants the buds of Betula utilis had an absolute requirement 
for auxins and cytokinins for their sprouting. 
i. Effect of cytokinin   
Shoot regeneration 
Non-dormant winter buds were taken as explants and cultured on MS 
medium supplemented with cytokinins viz; (BAP and Kn) at different 
concentrations (Table 29). For the in vitro production of clonal plants, these 
explants were inoculated on MS basal medium augmented with Kn (0.2-1.0mg/l). 
The shoots sprouted and produced a friable callus in 30% cultures after 20 days of 
inoculations. When these cultures were transferred to same media composition, 
they showed a good morphogenetic potential in terms of shoot differentiation upto 
15
th
 day of inoculation in 40% cultures but after 2 weeks of inoculation all the 
cultures remained quiescent and showed signs of necrosis. 
MS basal medium supplemented with BAP (0.5mg/l), induced shoot bud 
initiation in 60% cultures without formation of intermediate callus. These shoots 
elongated in the same media composition upto 4 weeks. Explants inoculated on 
MS basal medium supplemented with BAP (1.2mg/l) exhibited induction of shoot 
bud differentiation in 70% cultures after 10-15 days of inoculation. These buds 
developed into multiple shoots (6.2) after 2 weeks of inoculation. Later on, these 
shoots were grown on the same medium for a period of 4 weeks.  
Shoot multiplication 
The best results in terms of shoot production were 0btained on MS basal 
medium fortified with BAP (1.5mg/l) which induced shoot differentiation from 
sprouted buds in 90% cultures after 6-8 day of inoculation. These buds developed 
into shoots in the same media composition upto 15
th
 day of inoculation. Later on, 
these shoots were grown on the same medium for a period of 4 weeks. When a 
large number of shoots were produced they were then transferred to rooting 
medium (Fig 28, 29). 
ii. Effect of auxins  
Induction of rooting 
For induction of roots the in vitro differentiated shoots, measuring 3-4 cm 
in length, were excised from shoot clumps and subcultured on MS basal medium 
supplemented with different concentrations of auxins viz; (IAA, IBA and NAA) 
(Table 30). In MS basal medium augmented with IAA (1.0mg/l) the cultures 
showed root initiation after 20
th
 day of inoculation from basal cut portion of shoots 
in 30% cultures and within 4 weeks roots developed in the responsive cultures. 
The microshoots transferred onto MS basal medium fortified with IAA (0.2mg/l) 
exhibited root initiation in 40% cultures upto 20
th
 day of inoculations. The 
sprouted roots increased in size in the same medium upto 4 weeks of inoculation. 
MS basal medium supplemented with IBA (0.3-1.2mg/l) induced induction of 
roots in 50-60% cultures within 19-25 days of inoculations. The best results in 
terms of profussed rhizogenesis was achieved on MS basal medium supplemented 
with NAA (0.2mg/l). At this concentration about 90% cultures showed 
morphogenetic potential within 5-7 days of inoculation. Further, the roots formed 
were stout with 100% survival frequency. 
iii. Effect of auxin-cytokinin combinations 
The effect of most inductive auxin-cytokinin combination on winter buds of 
Betula utilis are depicted in (Table 31). Winter buds inoculated on MS basal 
medium augmented with Kn (0.5-2.0mg/l) + IAA (1.0-2.0mg/l) sprouted and 
produced a single shoot along with roots within 10-12 days of inoculation in 20-
30% cultures. When this single shoot was cultured on the same media composition 
no further morphogenetic potential was observed in it and finally the cultures 
necrosed after 2 weeks of inoculation. The explants when inoculated on MS basal 
medium fortified with Kn (1.0.-2.0mg/l) + IBA (0.5-1.0mg/l) sprouted and 
exhibited shoot differentiation in 30-40% cultures within 14-16 days of 
inoculation. These shoots were subcultured in the same media composition after a 
period 4 weeks interval. Same responses were achieved with Kn + NAA 
supplemented media.  
On MS basal medium supplemented with BAP (1.0-2.0mg/l) + IBA (0.5-
1.0mg/l) the explants exhibited shoot as well as root initiation within 10-15 days 
on inoculation in 50-60% cultures. These rooted shoots when transferred to a fresh 
medium of the same composition developed into multiple shoots (8-9.1). This 
clump of shoots developed few roots (7-8.4) as well. These shoots were mentioned 
in the same medium upto a period of 4 weeks.  
On MS basal medium supplemented with BAP (1.0-0.5mg/l)+ NAA (0.5-
2.0mg/l) the explants exhibited best morphogenetic potential as 80% cultures 
responded after 6-8 days of inoculation. The rooted shoots were transferred to the 
fresh medium of the same composition developed into multiple shoots (10-12.2). 
This clump of shoots also developed roots (9-10.8) in the same media as well. 
These shoots were finally maintained in the same medium upto a period of 4 
weeks interval (Fig 30). 
 
 
 
 
 
 
 
 
TABLE 29  
Effect of cytokinin on winter buds from young seedlings of Betula utilis 
Cytokinin (mg/l) %age of cultures 
forming usable 
shoots 
Average no. of 
shoots/explant 
Days taken for 
shoot formation 
MS basal medium 
(Control)  
- - - 
Kn    
0.1 20 10 20 
0.2 30 3.0 20 
1.0 40 4.1 15 
BAP    
0.2 50 5.1 18 
0.5 60 5 15 
1.2 70 6.2 10-15 
1.5 90 9.3 6-8 
 
 
 
TABLE 30 
Effect of auxins on in vitro raised shoot tips of Betula utilis for root induction. 
Auxins 
(mg/l)  
%age of cultures 
forming usable roots 
Average no. of 
roots/explants 
Days taken for 
root formation 
IAA    
1.0 30 3.0 20 
0.2 40 4.0 20 
IBA    
1.2 50 4.1 8-19 
0.3 60 5.2 25 
NAA    
0.5 70 7.1 18 
0.2 90 9.1 5-7 
 
 
 
 
 
TABLE 31 
 Effect of PGR’s on winter buds of Betula utilis D. Don. 
PGR’s (mg/l)  %age of cultures  
regenerated  
Average no. of 
shoots/explant 
Average no. of 
roots/explant 
Kn+IAA    
2.0+1.0 20 1.0 1.0 
0.5+2.0 30 1.0 1.0 
Kn+IBA    
1.0+0.5 30 4.1 2.5 
2.0+1.0 40 4.5 3.1 
Kn+NAA    
0.3+1.0 40 4.3 3.2 
1.0+0.5 50 4.5 4.6 
BAP+IAA    
1.0+0.5 40 7.1 5.4 
0.2+1.0 50 8.0 6.5 
BAP+IBA    
1.0+0.5 50 8.2 7.3 
2.0+1.0 60 9.1 8.4 
BAP+NAA    
1.0+0.5 70 10.3 9.7 
0.5+2.0 80 12.2 10.8 
 
  
 
 
 
 
 
 
 
 
 
 
 
   
 
 
Fig 28 Fig 29 
Fig 30 
4.4.5 In vitro response of petiole segments  
During the present study petiole explants were exploited for in vitro 
responses and evaluated for clonal micropropagation  
i. Effect of auxins 
The petiole segments 1-2cm long were taken from juvenile leaves of Betula 
utilis and were inoculated on MS medium supplemented with different 
concentrations of auxins (IAA, NAA, 2,4-D, IBA). They produced a little swelling 
only on 2,4-D (3.0mg/l) in 30% cultures after 15-18 days of inoculation but later 
these explants turned brownish and necrosed. 
ii. Effect of cytokinin  
Petiole explants 1-2cms long were inoculated on MS medium 
supplemented with different concentration (0.2mg/l, 2.1mg/l,1.2mg/l and2.2mg/l) 
of BAP and Kn separately. On all these media the explants did not responded to 
the cultural condition. 
iii. Effect of auxin- cytokinin combinations  
Petiole explants when cultured on MS medium supplemented with 2,4-D 
(2.1mg/l)+BAP (1.5mg/l) and IBA (1.5mg/l) + Kn (2.5mg/l) swelled the cut ends 
in 80% cultures from 8
th
-15
th
 day of inoculation but these cultures remained 
quiescent and turned brownish after 2 weeks inoculation. 
4.5  Hardening and Transplantation 
During the present work the in vitro raised rooted plantlets were carefully 
removed from the cultural vials and were washed thoroughly with running tap 
waters in order to remove agar adhering to their roots. They were treated with 
(0.5%) Baveston solution (Fungicide) for 10 minutes and transferred to small 
polythene bags or pots containing of either vermiculite or mixtures of sand and 
soil (1:1) or vermiculite and soil (1:1). The plantlets were covered with polythene 
bags so as to attain maximum humidity around the plantlets and were grown in 
shaded places under natural day lights with an average temperature of 25 
o
C (Fig 
31 and 32). 
These plantlets were watered every alternate day with tap water and ½ 
strength MS salt solution. Each treatment was repeated at least once. The bags 
covering the plantlets were cut open from the top after 2 weeks so as to bring the 
humidity to the level of ambient atmosphere. Finally the covers were removed 
after 2 weeks time. 
After 8 days these platelets were transferred to polythene bags or pots 
containing garden soil, Sand and farm yard manure (1:1:1). The survival 
percentage of micropropagated plantlets of Morus nigra L was influenced by 
different planting out mixtures and irrigating solutions used. Maximum survival 
percentage of rooted plantlets of M. nigra L in soil was obtained after hardening in 
sand and vermiculite (1:1) mixture irrigated with ½ strength MS salt solution 
(Table 32) (Fig 33). On vermiculite sprayed with ½ strength MS salt solution 
plantlets survived with 80% frequency. These plants showed normal growth and 
attained an average height of 34 cm after 2 months of transfer and finally showed 
vigorous growth in the field (Fig 34, 35 and 36). The plantlets of Betula utilis 
showed less survival rate (Table 33).  
TABLE 32 
Effect of Planting out media and irrigating solutions on survival of micro 
propagated plantlets of Morus nigra L. during hardening. 
Planting out 
media 
Irrigating solution Survival 
percentage 
Plant height 
Vermiculture ½ MS salt solution 
+tap water 
50% 20 cm 
Sand ½ MS salt solution 
+tap water 
30% 25 cm 
Soil ½ MS salt solution 
+tap water 
30% 28 cm 
Sand + 
vermiculture 
(1:1) 
½ MS salt solution 
+tap water 
80% 34 cm 
Soil + 
vermiculture 
½ MS salt solution 
+tap water 
60% 32 cm 
Sand + soil 
(1:1) 
½ MS salt solution 
+tap water 
40% 30 cm 
 
TABLE 33 
 Effect of Planting out media and irrigating solutions on survival of micro 
propagated plantlets of B. utilis during hardening. 
Planting out 
media 
Irrigating solution Survival 
percentage 
Plant height 
Vermiculture ½ MS salt solution 
+tap water 
0% 10 cm 
Sand ½ MS salt solution 
+tap water 
0% 15 cm 
Soil ½ MS salt solution 
+tap water 
0% 10 cm 
Sand + 
vermiculture 
(1:1) 
½ MS salt solution 
+tap water 
5% 10 cm 
Soil + 
vermiculture 
½ MS salt solution 
+tap water 
6% 5 cm 
Sand + soil (1:1) ½ MS salt solution 
+tap water 
3% 8 cm 
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Discussion 
5.1 Chemical sterilization 
Before initiating any in vitro studies it becomes very essential to standardize the 
sterilization technique so as to achieve success in obtaining the results. Thus a 
reproducible protocol was devised for the sterilization of various explants of Morus nigra 
and Betula utilis used as source material. 
It was observed that the optimum time duration was 5 to 6 minutes at which the 
highest frequency of contamination free cultures (100%) was achieved after 10
th
 day of 
inoculation. Exposure of nodal segments of Morus nigra to (0.1%) Hgcl2 over 7 minutes 
proved toxic to the explants as (60-80%) explants showed signs of degeneration and did 
not responded to the cultural conditions.   
However time duration of 5-6 minutes proved to be the optimum exposure at 
which 100% cultures survived and remained free of contamination. 
As surface of young shoots and leaves of B. utilis is hairy and waxy so use of 
strillent like HgCl2 was very essential.  Leaf explants of Betula showed no contamination 
with (0.1%) HgCl2 at 3-4 minutes of time duration and when treated for a period of 7-8 
minutes, all cultures were destroyed as explants become metabolically inactive. 
In the same way in addition to leaf segments, the time duration treatment and the 
effect of HgCl2 (0.1%) on different explants of Betula utilis i.e., nodal segment, shoot tip, 
winter buds and petiole were also standardized during the present work.  
Thus the sterilization period for the leaf explants of M. nigra and B. utilis was 3-4 
minutes and is less as compare to nodal segments. This was because the Juvenile leaf 
explants were less contaminated than explants excised from nodal segments. Same results 
have also reported by Hussain et al (1966) in case of nodal segments and axillary buds of 
M. lavigata. 
The in vitro studies on Morus nigra L and Betula utilis D Don were carried out to 
make a comparative study of the various responsive explants for the in vitro 
micropropagation of these threatened tree species. At the same time the various factors 
responsible for the maximum regeneration potential in these explants was also evaluated.  
During the present study an initial dark period of 72 hours was found to be very 
essential factor for the establishment of the cultures. It was observed that when cultures 
were exposed to florescent light of various photo periods during the first 72 hours of 
incubation. They lost their green pigment and turned albino. Subsequently, these explants 
remained quiescent for 4-6 weeks after which necrosis occurred. This suggests the 
inhibitory role of light on the establishment of cultures in the initial stage as observed in 
other angiosperm species also. High light intensity is known to inhibit shoot bud 
formation in tobacco while as the quality of light influences the organogenic 
differentiation in tobacco callus (Razdan, 2001). 
5.2 In vitro studies on Morus nigra  
The regeneration potential from the nodal segments of Morus nigra L as observed 
in present work was attention creating. On MS medium as control, explants showed no 
response for a couple of weeks. MS medium supplemented with BAP (5.0 mg/l), 
influenced shoot proliferation from the nodal explants of mature trees (Fig 5). Similar 
results have been achieved by Wakhlu and Bhat (1996) in case of various mulberry 
species from nodal segments on MS medium supplemented with different concentrations 
of BAP and NAA. 
 
Fig 5:- Effect of cytokinin (mg/l) on shoot regeneration from nodal segments 
of Morus nigra L. 
These in vitro raised shoots when subcultured in reduced concentration of BAP 
(1.5 mg/l), sprouted and multiple shoot proliferation was observed in 4-5 days of 
inoculation. The leaves produced by in vitro raised shoots were similar to those of mother 
plant (Fig 6). Same results were obtained by Habib, Ali and Rehman (2003) from nodal 
explants of Morus alba. The production of shoots from nodal segments was also 
established by Anis, Faisal and Singh (2002). But these workers achieved shoot 
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multiplication by culturing explants on MS medium fortified with BAP (2.5 mg/l) along 
with Glutamin (1 mg/l). This medium facilitated the elongation of shoots and sprouting of 
nodal segments from in vitro grown micro cuttings. 
 
Fig 6:- Effect of BAP (mg/l) on shoot multiplication from in vitro raised micro 
cuttings of Morus nigra L. 
  NAA (0.1-0.5 mg/l) was found to be the optimum concentration for the production 
of roots in the in vitro raised shoots (Fig 7). Same results have been reported by Oka and 
Ohyama (1979) while studying effect of NAA on rooting from Morus alba. Annis Faisal 
and Singh (2003) also achieved 80% rooting in case of shoots cultured on MS medium 
supplemented with NAA (1.0 mg/l).  
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 Fig 7:- Effect of auxin (mg/l) on root induction from in vitro raised shoots of 
Morus nigra L. 
In addition to NAA, IAA (0.5mg/l) was also found to be effective in the induction 
of the roots. Hussain, Rahmen, and Zaman (1992) also achieved profussed rooting from 
in vitro raised shoots of M. Lavigata using nodal segments and axillary buds as explants. 
Complete plantlet development was achieved when explants were cultured on MS basal 
medium fortified with BAP (0.5-1.0mg/l)+NAA (1.0-2.0mg/l) on this medium 
combination the explants exhibited best morphogenetic potential in 70-80% cultures 
shoot differentiation started after 6-8 days of inoculation. In the next 4 weeks the micro 
plantlets in the same medium showed enhanced shoot multiplication along with the 
production of roots (Fig.8). Similar result were achieved by Hirocki Machi (1999) from a 
number of mulberry genotypes. He succeeded in achieving adventurous bud initiation in 
MS medium supplemented with BAP and NAA at various concentrations. 
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 Fig 8:- Effect of PGR’s on nodal segments of Morus nigra L.  
The possibility of the winter buds, as a potential source for micro propagation was 
also studied during the present work. The winter bud explants were subjected to cultural 
conditions whereby the growth regulators viz; auxins, cytokinins and their combinations 
were used to induce in vitro differentiation in these explants. Among the cytokinins BAP 
at a concentration of (1.0 mg/l), induced multiple shoot production from these explants 
within 3-4 days of inoculation (Fig 9). Ohyama and Oka (1982) have also achieved the 
same results from in vitro culture of various buds of mulberry tree species like M. alba, 
M. bombyeis, M. multicaulis, and M. Kaga yamae. These workers cultured axillary buds 
on MS medium containing growth substances and also found that BAP was more 
effective than zeatin and Kn and that a single shoot developed at a comparatively lower 
concentration (0.1mg/l). While at (1.0 mg/l) the main apical meristem developed along 
with several axiallary buds giving rise to the multiple shoots.  
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 Fig 9:- Effect of cytokinin (mg/l) on shoot multiplication in in vitro raised 
shoots of Morus nigra L. 
Rooting in shoots obtained from winter buds was induced on MS medium 
supplement with IBA (1.0mg/l) and NAA (1.0 mg/l) (Fig 10). Same results have been 
achieved by Oka and Ohyama (1982) they reported that auxians like (IBA and NAA) had 
no effect on bud growth, but induced rooting of the explants grown in vitro. 
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Fig 10:- Effect of auxins (mg/l) on root induction in in vitro raised shoots of 
Morus nigra L. 
Complete plantlets were achieved from winter buds of M. nigra on MS medium 
supplemented with auxin-cytokinin combination (Fig. 11). Among various combination 
used the best results were achieved on MS medium supplement with BAP (2.0 mg/l) 
+NAA (0.5 mg/l). similar results were also achieved by Oka and Ohyama (1982). They 
obtained complete platelets in medium containing BAP (0.1 mg/l) + NAA (1.0 mg/l) 
from bud cultures of M. bombysis, M. multicaulis and M. kagayamae.  
 
Fig 11:- Effect of PGR’s on winter buds of Morus nigra L 
Shoot tip explants of M. nigra were also found to be a potential material for 
micropropagation. It was observed that slightly tender shoot tips responded more readily 
to the cultural conditions. When shoot tip explants were cultured on MS medium fortified 
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with BAP (2.0 mg/l) 80% cultures sprouted and developed into shoots within 4-5 days of 
inoculation (Fig 12). Zaman, Islam and Joarder (1998) also achieved same results from 
shoot apices of M. alba where in multiple shoots were proliferated only in MS medium 
supplemented with (1mg/l) 6-benzylaminopurine. Pattnaik and Chand (1997) also 
obtained similar results from apical shoot buds and nodal explants of Morus cathrayana, 
M. ihou and M. serrata on MS medium containing BAP (0.5 – 1.0 mg/l).  
 
Fig 12:- Effect of cytokinin (mg/l) on shoot multiplication from shoot tip 
explants of Morus nigra L 
Shoots regenerated from in vitro raised micro cuttings developed roots in MS 
medium supplemented with NAA (1.0mg/l) within 7-8 days of inoculation (Fig 13). Patel 
and Thrope (1985) achieved regenerated plantlets in case of M. alba by inducing root 
formation on the shoots cultured on MS medium supplemented with IBA. 
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Fig 13:- Effect of auxins on root induction in in vitro grown micro cuttings of 
Morus nigra L.  
Shoots along with roots were achieved when microcutting were inoculated on MS 
basal medium fortified with auxin-cytokinin combinations. Among which the most 
effective concentration at which 90% cultures sprouted and produced multiple shoots 
along with roots was BAP (5.0mg/l) + NAA. (0.5 mg/l) (Fig.14). Similar results were as 
achieved by Hussain and Rehman (1992) from in vitro raised shoot tips of M. Leavigata 
on MS medium supplemented with (0.1 mg/l) of each BAP and NAA. 
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 Fig 14:- Effect of PGR’s on shoot tips explants of M. nigra L. 
The leaf explants of Morus nigra when inoculated on MS basal medium 
supplemented with various auxins and cytokinins, regained meristematic activity, de-
differentiated, increased many fold in size and produced callus.  At a concentration 
(0.3mg/l) 2, 4-D proved to be very effective at which a friable and nodular callus with a 
number of embryoids was formed within 3-5 days of inoculation. Kamili (1984) achieved 
callus regeneration on MS medium supplemented with 2, 4, D (0.5 mg/l) but she 
succeeded in achieving these results from stem cuttings during In vitro studies on Morus 
alba, M. bombysis and M. Latifolia var goshyoerami.  
The regenerated callus exhibited the power of re-differentiation on a cytokinin 
supplemented medium. BAP was found to be more effective than Kn over a wide range 
of concentrations. At BAP (1.2 to 2.1 mg/l) the callus showed 2 fold increase in size in 1-
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2weeks of inoculation in about 40% cultures. Shoot regeneration occurred at this 
concentration within 12 days of inoculation and numbers of shoots regenerated were 2-3. 
The optimum concentration of BAP was (2.2mg/l) at which multiple shoot proliferation 
occurred within 5-7 days of inoculation in about 80% cultures (Fig 16). Similar results 
have been obtained by Mei-Chun Lu (2002) by culturing axillary buds of Morus latifolia. 
He obtained shoot multiplication by using MS medium supplemented with 2% fructose 
and (2 mg/l) BAP. The regenerated shoots when subjected to rooting, responded 
differently to different auxin concentration. Among various concentration used, the 
effective one at which refused rooting took place was NAA (0.2 mg/l)at which rooting 
occurred in 80% cultures within 7-8 days of inoculation with 90% survival frequency 
(Fig 17). Similar results were also achieved by Oka and Ohyama (1982) while culturing 
leaf pieces of paper mulburry on modified MS medium containing (0.5 mg/l) NAA. 
 
Fig 16:- Effect of cytokinin on shoot multiplication from subcultured callus. 
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 Fig 17:- Effect of auxins on root induction in in vitro raised shoots of Morus 
nigra L 
 
MS basal medium augmented with BAP (0.2mg/l) + NAA (0.5mg/l) in vitro raised 
shoots developed multiple shoot as well as roots in 70% cultures after 15
th
 day of 
inoculation. When these explants were inoculated MS basal medium supplemented with 
BAP (0.5mg/l) + NAA (1.0mg/l) induced shoot as well as root initiation upto 12
th
 day of 
inoculation in 80% cultures. Subsequent subculturing in the same media composition 
resulted in the production of multiple shoots along with roots after a culture period of 4 
week (Fig. 18). Same results have also reported by Patnaik, Sahoo and Chanad (1996) in 
case of Morus alba on half strength MS medium supplemented with auxin-cytokinin 
combinations of IAA and IBA (0.1mg/l). 
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 Fig 18:- Effect of PGR’s on in vitro raised shoots of Morus nigra. 
5.3 In vitro studies on B. utilis  
During the present study very young leaves of B. utilis were collected from the 
field grown trees and were cut into 2-3 cms segments. These explants were inoculated on 
MS medium adjuvented with different concentrations of auxins. 
Among various auxins 2, 4-D proved to be very effective in inducing callus 
regeneration from leaf explants. At concentrations of 2, 4-D (0.1, 0.2, 2.5 and 3.5) leaf 
explants showed no response but instead they showed signs of necrosis within 8 days of 
inoculation. However, 2,4-D (2.5 mg/l) was effective in the production of creamish 
colour callus in 80% cultures. Concentration greater than (2.5 mg/l) proved detrimental to 
the callus growth. Same results have been achieved by Litz and Richard (1988) through 
callus cultures induced from leaflets of Euphorbia Longa. Margareta and Barbara (1996) 
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also achieved callus differentiation in silver birch (Betula pendula) on MS medium 
supplemented with concentration of auxins. 
 The best results in terms of shoot differentiation were obtained on MS medium 
supplemented with BAP (1.5mg/) were 80% cultures exhibited morphogenetic growth. 
The differentiation of shoots started from 5-6 days of inoculation. After 15
th
 day of 
inoculation the elongated shoots turned light green and got established as shoots (Fig. 
20). Similar result have been achieved by Lin and Bao (2002) from leaf explants of 
platanus aurentalis by culturing these explants in MS medium supplemented with 
different concentrations of BAP. Conde and santose (2003) also achieved same results 
from leaf callus of Ulmus minor on MS medium supplemented with different 
concentrations of cytokinins. These workers did not observe any morphological 
differences between in vitro raised plantlets to those of mother plant.  
 
Fig 20: Effect of cytokinin (mg/l) on subcultured callus of Betula utilis.  
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The maximum frequency of root differentiation (8.2) was achieved on MS basal 
medium supplemented with NAA (1.0mg/l) after 10 days of inoculations in 80% cultures 
(Fig. 21). Elisa Sarkihita (1988) derived similar results from axillary buds of B-Pendulla 
Rooth on MS medium containing NAA (0.1mg/l). Rooting from the shoots of Ulmus 
primula was also achieved by Corehetee et al (1993) on half or full strength MS medium 
supplemented with (0.1mg/l) NAA. 
 
Fig 21: Effect of auxins on root induction from In vitro raised shoot clumps 
Among various auxin-cytokikinin combinations the best results in terms of 
complete plantlet production was achieved in MS basal medium supplemented with BAP 
(2.0 mg/l) + NAA (0.5 mg/l) after 8-10 days of inoculation as 80% cultures responded 
and produced multiple shoots as well as microroots after subculturing the explants in the 
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same medium. (Fig. 22). Similar results have been also achieved by Walandar (1988) 
who obtained complete plantlets of B. pendulla from axillary bud explants in MS medium 
supplements with different concentration of auxin-cytokikin combination.  
 
Fig 22: Effect of PGR’s on in vitro raised shoot tip explants of Betula utilis  
The nodal segments, excised from young branches of Betula utilis proved to be the 
suitable explants for the micropropagation. Sprouting and development of multiple shoots 
was achieved from nodal segments of B utilis on MS medium supplemented with BAP 
(0.2-1.0 mg/l). The optimum concentration which induced multiple shoot proliferation 
was BAP (1.0 mg/l). Similar results were obtained by Joressia, Janison and Renfroe 
(1998) in case of B. uber through nodal explants. Shoot elongation was achieved on MS 
medium supplemented with BAP (7.5 mg/l) (Fig. 23). 
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 Fig 23: Effect of cytokinin (mg/l) on nodal segments excised from young 
seedlings of B. utilis D. Don. 
Best results in terms of root induction in these in vitro raised shoots were achieved 
within 7 days of culture in the medium supplemented with IBA (0.2 mg/l) (Fig 24). 
Valobra & James (1990) also observed effect of Zeatin and NAA, on plantlet 
regeneration from Betula pendula. The addition of NAA to Zeatin-containing media 
prevented shoot regeneration but stimulated root development directly from leaf tissues. 
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 Fig 24: Effect of auxins on isolated shoots of Betula utilis D. Don for root 
induction. 
It was observed that BAP (0.5 mg/l) + NAA (2.0 mg/l) were more effective than 
that of Kn + IAA/NAA in inducing multiple soot bud formation from nodal segments of 
B. utilis (Fig. 25). Elisa Sarkihita (1988) also observed that BAP (2.0 mg/l) + NAA (0.1 
mg/l) were more effective in inducing adventurous buds and multiple shoots in B. 
pendullla. 
 
 
 
 
0
1
2
3
4
5
6
7
8
9
IBA IAA NAA
0
.1 0
.2 0
.3 0
.4 0
.5 1
5
.1
8
.2
6
5
4
.1
3
Auxins (mg/l) 
Average no of roots/ 
explant
 Fig 25: Effect of PGR’s on nodal segments of Betula utilis D. Don after 4 
weeks of inoculation. 
Multiple shoot formation was also observed from shoot tips of B. utilis at a 
concentration of BAP (2.1 mg/l) shoot tips showed a good morphogenetic growth within 
6-7 days of inoculation in 80% cultures. The optimum and effective concentration for the 
shoot multiplication was BAP (2.2mg/l) at which at an average 8.1 shoots per explants 
were formed in about 90% cultures within 5-6 days of inoculation. The shoots started 
growing vigorously and after 15
th
 day of inoculation cultures turned light green and got 
established as shoot clumps (Fig 26). Ceaser Perez and Postigo (1988) also succeeded in 
developing plantlets regenerated from shoot tips of B. Celeteberica on MS medium 
supplemented with BAP (0.6mg/l) followed by 20 days culture in the same medium in 
the presence of reduced BAP (0.1mg/l) concentration  
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 Fig 26: Effect of cytokinins on shoot tips from young seedlings of Betula utilis. 
When microcuttings obtained from in vitro raised shoots were inoculated on MS 
basal medium supplemented with IAA and IBA no response was observed while on MS 
medium fortified with NAA (2.1 mg/l) profussed rooting was achieved in about 80% 
cultures within 6-7 days of inoculation (Fig 27). Similar results have been reported by 
Zong, Jeffery and Wenhao (2000) in B. platiphylla on MS medium supplemented with 
BAP (0.1mg/l) solidified with (6.5gm/l) agar and cultured at 24
0
c microshoots were 
rooted in vitro or ex vitro followed by establishment in the greenhouse. 
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 Fig 27: Effect of auxins on in vitro raised shoots of Betula utilis D. Don for root 
induction. 
It was investigated that for the production of complete plantlets BAP (0.5 mg/l) + 
NAA (2.0 mg/l) was found to be very effective for shoot as well as root initiation from 
shoot tips of B. utilis (Fig 28). Ide, Nishikawa (1993) also achieved similar results while 
culturing cotyledonary nodal segments of B. schmiditha on Ms medium containing NAA 
(0.2 mg/l) + IBA (0.5 mg/l) 
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 Fig 28: Effect of PGR’s on shoot tip explants of Betula utilis D. Don 
Non dominant winter bud explants of Betula utilis were subjected to in vitro 
responses to signify the importance of growth inducers. Among various auxins only 2,4-
D (2.5 mg/l) was able to induce organogenesis. Among cytokinins BAP at a 
concentration of (1.1 mg/l) proved to be very effective in terms of shoot production. At 
this concentration buds started sprouting within 6-8 days of inoculation in 90% cultures 
and after 20
th
 day they got established as shoot clumps (Fig 29). Similar results were also 
achieved by Ide and Nishikawa (1993) while culturing cotyledonal nodal seedling of 
Betula schmiditi on MS medium supplemented with BAP (0.2 mg/l) and NAA (0.5 mg/l). 
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 Fig 29: Effect of cytokinin on winter buds from young seedlings of Betula utilis 
Rooting was achieved when microcuttings were subcultured on MS medium 
supplemented with NAA (0.2 mg/l) in 90% cultures within 5-7 days on inoculation (Fig 30). 
Same results were achieved by John and Paul (1991) while studying the rooting behavior in 
varieties of birches. They reported that the optimum concentration for inducing highest rooting 
percentage (80%) was NAA (0.6 mg/l). 
MS basal medium supplemented with BAP (0.5mg/l) + NAA (2.0mg/l) induced shoot as 
well as root formation in case of winter buds of Betula utilis. BAP in combination with 
IBA/NAA also proved to be superior over Kn (Fig 31). Similar results were also achieved by 
Elisa Sarharhita (1988) while studying the effect of BAP+NAA on bud sprouting and 
shot differentiation in Betula pandulla.              
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 Fig 30: Effect of auxins on in vitro raised shoot tips of Betula utilis for root 
induction. 
 
Fig 31: Effect of PGR’s on winter buds of Betula utilis D. Don. 
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5.4 Hardening  
The in vitro raised plants when subjected to hardening, needed to acclimatized for 
at least upto 2 weeks during which the exogenous supply of nutrients in the form of ½ 
MS salts was found to be necessary. In addition about 70% humidity was maintained 
upto 2 weeks after which the plants could survive in the natural atmosphere. Plantlets 
were watered every alternate day with tap water and ½ strength MS salt solution. Each 
treatment was repeated at least once a day. The polythene bags covering the plantlets to 
maintain the humidity were cut open from the top after 2 weeks so as to allowed easy 
exchange of air. Finally covers were removed after 2 weeks time. 
Later on the plantlets were transferred to polythene bags or pots containing garden 
soil, Sand and farm yard manure (1:1:1). 
The survival percentage of micropropagated plantlets of Morus nigra L and Betula 
utilis was influenced by different planting out mixtures and irrigating solutions used. 
Maximum survival percentage of rooted plantlets of M. nigra L and Betula utilis in soil 
was obtained after hardening in sand and vermiculite (1:1) mixture irrigated with ½ 
strength MS salt solution. Vermiculite when irrigated with ½ strength MS salt solution 
gave 80% survival of plants. These plants showed normal growth and attained an average 
height of 34 cms after 2 months of transfer and showed vigorous growth in the field. 
While plantlets of Betula utiles showed less survival rate. 
Kavyashree (2007) also reported a reproducible protocol for in vitro 
micropropagation of mulberry (Morus indica L) variety S54. The plantlets of which were 
later on established in the field using the same procedure. Similarly, Zhou and Mao 
(2010) achieved successful establishment of plants in case of Morus multiculis.  
Thus in the present study different protocols to regenerate complete plantlets from 
various explants viz; nodal segments with axillary buds, shoot tips, winter buds, petiole 
segments and leaf segments were developed. The in vitro regenerated shoots were 
multiplied and rooted in vitro and the completely regenerated plantlets were acclimatized 
and hardened under field conditions.   
 
 
 
 
 
 
 
 
 
 
 
 
Summary and conclusion 
6.1 Chemical sterilization of Explants 
Surface sterilization of explants collected from mature trees is necessary 
before initiation of any in vitro culture. In the present study protocols for the 
surface sterilization of the explants procured from the field grown plants of Morus 
nigra and Betula utilis were standardized. 
The various explants of Morus nigra used for the present study were 
surface sterilized with (0.1 %) HgCl2 solution for different time durations. The 
optimum time duration for nodal segments was 5 to 6 minutes at which the highest 
frequency of contamination free cultures (100%) was recorded after 10
th
 day of 
inoculation. Exposure of nodal segments to the chemical sterilization over 7 
minutes proved toxic to the explants as (60-80%) explants showed signs of 
degeneration and did not responded to the cultural conditions. 
Leaf explants were successfully sterilized when treated for 4 minutes with 
the chemical strillent. Time duration of 5-8 minutes proved detrimental to explants 
as they showed death due to tissue killing. 
Leaf explants of Betula showed no contamination when sterilized with 
(0.1%) HgCl2 for 3-4 minutes and when treated for a period of 7-8 minutes, all 
cultures were destroyed as explants become metabolically inactive. 
Other surface strillents like sodium hypochlorite and calcium hypo chloride 
were also used but HgCl2 was found to be very effective and potent sterilizing 
agent over a wide range of explants used. 
Present study was undertaken to raise plantlets from various explants of 
Morus nigra and Betual utilis D. Don i.e., nodal segments with axillary buds, 
shoots tips, winter buds and leaves etc. Root as well as shoot initiation was 
observed on MS medium supplemented with various growth hormones either 
singly or with different combination in low as well as at high concentration. The 
summary of results observed from different explants of M. nigra and Betula utilus 
are summarized as under:- 
6.2  In vitro studies on Morus nigra L 
Nodal Segments: - BAP as a source of cytokinin was found to be more 
effective then Kn, as these explants responded to its varied concentrations. On MS 
basal medium augmented with BAP (5.0-5.2 mg/l) explants sprouted and produced 
shoot buds in 60-70% cultures after 1 week of inoculation. The shoot buds 
elongated into multiple shoots in the same media upto 2 weeks of inoculation. 
These shoots were then transferred to a fresh medium of the same composition and 
were maintained for a period for 4 weeks time. When inoculated on MS basal 
medium fortified with BAP (5.0mg/l) these explants showed the maximum 
response as initiation of shoot buds was achieved in 90% cultures from 6
th
 day of 
inoculation. These buds developed into multiple shoot after 2 weeks of 
inoculation.             
The shoots regenerated during 1
st
 passage of clonal propagation were cut 
into nodal segments of 2-3cm and subcultured on the best of the induction medium 
i.e., MS+BAP in order to increase the number of shoots. It was observed that the 
explants responded better to the reduced concentrations of BAP as compared to 
the 1
st
 stage of shoot regeneration (Table 6).  Explants inoculated on MS medium 
augmented with BAP (1.5mg/l) induced the best response as initiation of multiple 
shoot buds was achieved in 90% cultures within 4-5 days of inoculation. The 
microshoots produced lobed as well as unlobed leaves which were similar to those 
produced by the mother plant in nature. The shoots started growing and after 15
th
 
day of inoculation the cultures turned light green in color and got established as shoots 
When MS basal medium was supplemented with different concentrations of 
NAA, the explants started sprouting within 6 days of inoculation and microcuttings 
showed different rooting response at different concentrations. At a concentration of NAA 
(0.5-1.7mg/l) microcuttings sprouted only in 60% cultures and produced (5.3) number of 
roots within 2 weeks of culture. The maximum numbers of roots (7.5) were formed in 
80% microcuttings, when subcultured on MS medium supplemented with NAA (0.5 
mg/l), within 5 to 6 days of inoculation. Further, roots developed in this medium were 
comparatively stout and also produced lateral roots within 2 weeks of inoculation. 
Complete plantlet development was achieved when explants were cultured 
on MS basal medium fortified with BAP (0.5-1.0mg/l)+NAA (1.0-2.0mg/l). On 
this medium combination the explants exhibited best morphogenetic potential as 
70-80% cultures shoot as well as root differentiation started after 6-8 days of 
inoculation. In the next 4 weeks the cultures showed enhanced growth along with 
the production of roots. 
i. Winter buds 
Explants cultured on MS basal medium augmented with BAP (1.0mg/l) 
exhibited best morphogenetic potential as 80% cultures responded in which shoot 
differentiation started after 3-4 days of inoculations. The maximum average 
number of shoots formed was (6.1) with an average length of (6.0 cm). 
The most effective concentration at which maximum roots induction was 
achieved on MS basal medium augmented with NAA (1.0mg/l) in 90% cultures 
with an average number of roots as (8.2) per explants within 5-6 days of 
inoculation. 
Explants when subcultured on MS basal medium augmented with BAP 
(0.5-2.0mg/l)+NAA (0.2-0.5mg/l) exhibited best morphogenetic potential as 70% 
cultures, responded to these cultural conditions upto 10 days of inoculation. These 
explants sprouted into friable creamish callus which proliferated into micro shoots 
as well as micro roots after subculturing in the same medium composition. On MS 
basal medium supplemented with BAP (2.0mg/l) + NAA (0.5mg/l) these explants 
showed best morphogenetic potential as they sprouted in 80% cultures within 5-10 
days of inoculation. These cultures when transferred to the same media 
composition produced multiple shoots as well as roots after a culture period of 4 
weeks 
ii. Shoot tips 
MS + BAP (2.0mg/l) exhibited the best morphogenetic potential as shoot 
buds elongated in 80% cultures within 6 days of inoculations.  This process was 
repeated after every 4 weeks. When a large number of shoots (40.2) were 
produced, they were then transferred to rooting media. 
The best root induction was recorded on MS medium supplemented with 
NAA (1.0 mg/l) within 7-8 days of inoculation in 80% cultures with an average 
length of roots as 5.1 cm. 
On MS basal medium supplemented with BAP (2.0-5.0mg/l) + NAA (0.2-
0.5mg/l) the explants exhibited best morphogenetic potential as 70-80% cultures 
responded to in vitro conditions. Shoot as well as root differentiation started 
within 6-8 days of inoculation. In the next 4 weeks the complete plantlets were 
inoculated in the same media composition where in they showed enhanced growth. 
iii. Leaf segments 
On MS medium supplemented with 2,4-D (0.2 mg/l) explants increased 2 
fold in size, regained meristematic activity, re-differentiation and started 
producing callus. MS medium fortified with 2,4-D (0.5 mg/l) proved detrimental 
to callus growth. Among various concentrations 2,4-D (0.3 mg/l) proved to be 
very effective concentrations at which a friable and nodular callus with a number 
of embryodis was formed within 3-5 days of inoculation. The callus also exhibited 
power of regeneration. 
The shoots regenerated from callus were transferred on the best of the 
induction medium i.e., MS+BAP (2.0mg/l) so as to increase their number. This 
process was repeated after every 4 weeks, thus resulting in the production of a 
large number of shoots within 5-7 days of inoculation in 80% cultures which were 
finally transferred to rooting medium. 
On MS medium supplemented with NAA (1.0mg/l) induced higher 
frequency rooting in 70% cultures 10 days of inoculation. The effective 
concentration at which professed rooting took place was NAA (0.2mg/l) at which 
rooting occurred in 80% cultures within 7-8 days of inoculation with 90% survival 
frequency. 
The in vitro raised microshoots when subcultured on MS basal medium 
augmented with BAP(0.5-2.0mg/l) + IAA (0.2-1.0mg/l) exhibited morphogenetic 
potential in 30-40% cultures. Shoot differentiation occurred after 20
th
 day of 
inoculation but these microshoots when subcultured in the same medium did not 
showed any further morphogenetic growth. MS basal medium augmented with 
BAP (0.2mg/l) + NAA (0.5mg/l) in vitro raised shoots developed multiple shoot as 
well as roots in 70% cultures after 15
th
 day of inoculation. When these explants 
were inoculated on MS basal medium supplemented with BAP (0.5mg/l) + NAA 
(1.0mg/l) shoot as well as root initiation took place upto 12
th
 day of inoculation in 
80% cultures. Subsequent subculturing in the same media composition resulted in 
the production of multiple shoots along with roots after a culture period of 4 week 
iv. Petiole segments 
Petiole segments inoculated on MS medium supplemented with different 
concentration of auxins and cytokinins showed no morphogenetic response during 
the entire study. On MS basal medium supplemented with various auxins 
cytokinin combination viz BAP+IBA, BAP+NAA Kn+ IBA, Kn+ NAA and 
BAP+NAA in different concentrations also did not induce any morphogenetic 
growth response in these explants.  
6.3 In vitro studies on Betula utilis D. Don 
i. Leaf explants  
The leaf explants when inoculated on MS basal medium adjuvented with 
different auxins viz (2,4-D, IBA, IAA and NAA). Leaf explants showed good 
responses to 2,4-D supplemented medium. 2,4-D was used in concentrations of 
(0.1-3.5mg/l). The concentration of 2,4-D (2.5mg/l) proved to be most effective 
for callus initiation. The explants produced green colour callus at the cut ends 
which registered 4 fold increase in size within 2-5 days of inoculation in about 
80% cultures (Fig 16, 17). The callus was nodular and friable which also exhibited 
power of regeneration. At a concentration (0.1-0.5 mg/l) 2,4-D induced callus 
formation from cut end of the explants within 8-10 days of inoculations but after 
10-15 days these cultures turned brownish in colour, remained quiescent and 
necrosed after 15 days of inoculation. Concentration greater than (2.5 mg/l) 
proved to be detrimental to callus growth. 
The best results in terms of shoot differentiation were obtained on MS 
medium supplemented with BAP (1.5mg/l) were 80% cultures exhibited 
morphogenetic growth. The differentiation of shoots started from 5-6 days of 
inoculation. After 15
th
 day of inoculation the elongated shoots turned light green 
and got established as shoots. 
The maximum frequency of root differentiation (8.2) roots was achieved on 
MS basal medium supplemented with NAA (1.0mg/l) after 10 days of inoculations 
in 80% cultures. 
Shoot tips cultured on MS basal medium supplemented with BAP (2.0mg/l) 
+ NAA (0.5mg/l) exhibited best morphogenetic potential as 80% cultures 
responded upto 8-10 days of inoculation. In the next 4 weeks the complete 
plantlets were produced which showed enhanced growth after transferring in the 
same media composition. 
 
ii. Nodal segments 
On fresh MS basal medium supplemented with BAP (1.0 mg/l) followed by 
8 days of culture in the same medium composition, the sprouted buds elongated 
into shoots and produced leaves from 7-8
th
 day of inoculation in 80% cultures. 
With a slight increase or decrease in concentration there was a drastic change in 
shoot number. The number of days for the shoot proliferation also varied with the 
increase or decrease in the hormone concentration. 
The best results in terms of rooting were obtained on MS + IBA (0.2mg/l) 
on which within 7 days roots were produced in 80% cultures. 
MS basal medium supplemented with BAP (0.5-1.0mg/l) + NAA (0.5-
2.0mg/l) induced bud differentiation in 70-80% cultures after 10 days of 
inoculation. Later on these shoot buds when transferred in the same media 
composition resulted into (10-12.6) shoots with (9-10.5) roots per explants. 
iii. Shoot tips 
The optimum and effective concentration for the shoot multiplication was 
BAP (2.2mg/l) at which at an average (8) shoots per explant were formed in about 
90% cultured within 5-6 days of inoculation. The shoots started growing 
vigorously and after 15
th
 day of inoculation cultures turned light green and got 
established as shoot clumps (Fig 25, 26). These shoots were grown on the same 
medium for a period of 4 weeks and were then transferred to the rooting medium. 
The optimum concentration at which profussed rooting occurred was NAA 
(2.1 mg/l). The average numbers of roots (6.1) were produced in about 80% 
cultures within 6-7 days of inoculation. No significant response was observed on 
MS basal medium supplemented with IAA and IBA. 
Shoot tip explants when subcultured on MS basal medium supplemented 
with BAP (0.5-1.0mg/l)+NAA (0.5-2.0mg/l) exhibited best morphogenetic 
potential. In 70-80% cultures, shoot differentiation started after 6-8 days of 
inoculation and in the next 4 weeks these micro shoots in the same medium 
showed elongation along with the production of roots. 
iv. Winter buds 
The best results in terms of shoot production were 0btained on MS basal 
medium fortified with BAP (1.5mg/l) which induced shoot differentiation from 
sprouted buds in 90% cultures after 6-8 day of inoculation. These buds developed 
into shoots in the same media composition upto 15
th
 day of inoculation. Later on, 
these shoots were grown on the same medium for a period of 4 weeks. When a 
large number of shoots were produced they were then transferred to rooting 
medium. 
The best results in terms of profussed rhizogenesis was achieved on MS 
basal medium supplemented with NAA (0.2mg/l). At this concentration about 
90% cultures showed morphogenetic potential within 5-7 days of inoculations. 
Further, the roots formed were stout with 100% survival frequency. 
On MS basal medium supplemented with BAP (1.0-0.5mg/l)+ NAA (0.5-
2.0mg/l) these explants exhibited best morphogenetic potential as 80% cultures 
responded after 6-8 days of inoculation. The rooted shoots were transferred to the 
fresh medium of the same composition developed into multiple shoots (10-12.2). 
This clump of shoots also developed roots (9-10.8) in the same media as well. 
These shoots were finally maintained in the same medium upto a period of 4 
weeks interval 
 
v. Petiole segments 
Petiole explants of Betula utilis were also subjected to in vitro conditions. 
On MS medium supplemented with different concentration of auxins and 
cytokinins they showed no morphogenetic response during the entire study. MS 
basal medium supplemented with various auxin cytokinin combination viz 
BAP+IBA, BAP+NAA Kn+ IBA, Kn+ NAA and BAP+NAA in different 
concentrations also did not induce any morphogenetic growth response in these 
explants.  
6.4.  Hardening and Transplantation 
The in vitro raised plantlets were transferred to pots containing farm yard 
soil, vermiculite and sand. The plantlets were watered every alternate day with 
either tap water or ½ strength MS salt solution. Each treatment was repeated at 
least once. 10-15 plantlets were used in each treatment. The pots containing 
plantlets were covered with polythene bags so as to maintain about 70% relative 
humidity around the plantlets. The polythene bags covering the plantlets were cut 
open from the top after 2 weeks so as to bring the relative humidity to the ambiant 
atmosphere. The bags were finally removed after another 2 weeks. 
The survival percentage of micropropagated plantlets of Morus nigra L was 
influenced by different planting out mixtures and irrigating solutions used. 
Maximum survival percentage of rooted plantlets of M. nigra L in soil was 
obtained after hardening in sand and vermiculite (1:1) mixture irrigated with ½ 
strength MS salt solution. Vermiculite when irrigated with ½ strength MS salt 
solution gave 80% survival of plants. These plants showed normal growth and 
attained an average height of 34 cm after 2 months of transfer and showed 
vigorous growth in the field. While plantlets of Betula utilis showed less survival 
rate. 
6.5. Conclusions  
Based on the results achieved in the present study the main conclusions 
drawn are summarized as under: 
1. The cultures of M. nigra and B. utilis required an initial dark period of about 72 
hours to establish. Thus the florescent light has an definite impact on 
establishment of cultures. 
2. Various explants i.e., leaf segments, nodal explants with axillary buds, winter buds 
and shoot tips responded actively to in vitro conditions. 
3. Growth regulators viz; auxins and cytokinins were found to be responsible for 
inducing dedifferentiation in the mature differentiated plant tissues. 
4. The leaf explants exhibited morphogenetic growth responses and increased many 
fold in size on MS medium adjuvanted with various growth regulators viz; 2, 4-D, 
NAA, IAA and IBA. These explants developed nodular and friable callus on MS 
medium supplemented with 2,4-D at various concentration. 
5. The nodal segments of M. nigra exhibited different morphogenetic growth 
response in MS basal medium supplemented with various growth regulators viz; 
auxins and cytokinins either separately or in combination. The explants developed 
into shoots on MS+BAP (5.0 mg/l) and on reduced concentration of BAP 
(1.5mg/l) multiple shoot production occurred from in vitro raised micro cuttings of 
M. nigra. Induction of rooting from in vitro raised shoots was achieved on MS 
medium supplemented with NAA (0.5 mg/l). 
6. Winter bud explants also responded to in vitro conditions. Multiple shoot 
proliferation was achieved on MS medium supplemented with BAP (1.0 mg/l). 
About 80% rooting was achieved from in vitro raised shoots of M. nigra on MS 
medium supplemented with a combination of BAP + IAA (1.0 mg/l). 
7. Shoot tip explants of M. nigra proved to be potential material for in vitro studies. 
A good response for shoot production was achieved on MS medium adjuvanted 
with BAP + NAA (0.2-2 mg/l). Root induction from these microcuttings was 
induced when these explants were cultured on MS medium fortified with BAP + 
NAA (0.2-2 mg/l) within 3-4 days of inoculations. In addition to NAA, 80% 
rooting was also achieved on MS medium supplemented with IAA (1.0mg/l). 
8. The nodal segments of B. utilis also exhibited different morphogenetic responses 
in MS basal medium adjuvanted with various auxins (IAA, IBA and NAA) and 
cytokinin (BAP and Kn) at various concentrations either separately or in 
combination. The explants developed into shoots on a number of media used but 
the best results were achieved on MS medium adjuvanted with BAP (1.0 mg/l). 
Profussed rooting was achieved from in vitro raised shoots on MS medium 
supplemented with IBA (0.2mg/l) after 7 days of inoculation. 
9. Shoot tip explants of B. utilis exhibited in vitro response to different hormone 
concentrations. Multiple shoots were achieved from shoot tips on MS medium 
supplemented with BAP (2.2 mg/l) and rooting in these in vitro raised 
microcuttings was induced on MS medium adjuvanted with NAA (2.1 mg/l) 
within 3-4 days of inoculation. 
10. Multiple shoots were obtained from winter bud explants of Betula utilis on MS 
medium supplemented with BAP (1.5 mg/l). The in vitro raised microcuttings 
develop rooting when subcultured on MS medium supplemented with NAA 
(0.2mg/l) in 80%cultures within 5-7 days of inoculation. 
11. Petiole segments of Morus nigra and Betual utilis when inoculated on MS medium 
supplemented with different concentration and combinations of auxins and 
cytokinin did not showed any morphogenetic response during the entire study. 
12. The most inductive auxin-cytokinine combinations for the production of complete 
plantlets was BAP (0.5mg/l)+ NAA (2.0mg/l) at which explants exhibited best 
morphogenetic potential in 90% cultures both in Morus nigra and Betula utilis.   
13. Finally it was concluded that MS Basal medium + 2,4-D is a suitable medium for 
callusing in case of the tree explants. BAP proved to be best for shoot 
differentiation and NAA is the best auxin for rhizogenesis. Although IAA and IBA 
also help in induction of rooting but in case of M. nigra and B. utilis NAA proved 
very effective auxin for root initiation.  
14. Among different auxin-cytokinine combinations, the best results in terms of 
production of complete plantlets were achieved on MS basal medium 
supplemented with BAP+NAA.  
15. Maximum survival percentage of rooted plantlets in soil was obtained after 
hardening in sand and vermiculite (1:1) mixture irrigated with ½ strength MS salt 
solution.  
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